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Izvleček: 
Magistrsko delo proučuje vpliv BIM (Building Information Modeling – informacijsko modeliranje 
stavb) metodologije kot orodja in tehnologije za izvajnje kreativnega procesa snovanja stavbe v 
arhitekturnih birojih. Za razumevanje vpliva BIM metodologije je potrebno razumeti zgodoviski razvoj 
digitalnih in analognih orodji za načrtovanje in njihovo interakcijo ter vpliv na načrtovalski process. 
Ključnega pomena je kako vpeljava nove tehnologije vpliva na pristop k načertovanju znotraj 
arhitekturnega biroja. 
BIM kot nova tehnologija istopa predvsem z možnostjo večje in lažje optimizacije načrtovanih rešitev 
ter vzpodbuja vlogo arhitekta pri oblikovanju boljših rešitev s hitrejšim načrtovanjem in večjo 
kakovostjo oblikovanja. Uporaba vgrajenega virtualnega okolja omogoča v procesu arhitekturnega 
načrtovanja lažjo predstavitev in primerjavo načrtovalskih rešitev kot tudi preveritev izvedljivosti 
zasnovane rešitve iz tehnološkega stališča.   
Glavni cilj naloge je osvetliti in bolje razumeti kako konceptualno razumvanje BIM metodologije vpliva 
na kreativni process načrtovanja ter identificirti formalne in operativne izzive, ki se pojavljajo z vpeljavo 
nove tehnologije. V sklopu naloge je raziskano tudi kako lahko uporaba BIM spodbudi načrtovalca k 
raziskovanju novih načrtovalskih možnosti ter k večji integraciji in interoperabilnosti z drugimi 
načrtovalskimi strokami, ki sodelujejo v načrtovalskem procesu stavb.  
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Abstract: 
This master thesis studies the impact of BIM (Building Information Modelling) methodology as a 
technology and a representation tool in the creative process approach in architecture offices. Through 
this approach, and for a better understanding of it, it is necessary to return some steps and understand 
how the design and the creative process were affected by digital innovations throughout architecture 
history and how new technologies are currently impacting the architecture routine. 
As a new possible technology, BIM stands out as an excellent solution to optimize and to stimulate the 
architect’s work, with some visible advantages in application, like greater speed and higher quality in 
the design development. Among the solutions offered, the virtual building method in the architectural 
process noticeably brings the professional closer to constructive techniques, since it enables the 
construction of a virtual model with a set of information that allows a more integrated and consistent 
product. 
The challenge of the work presented in this thesis resides in conceptually understand the BIM 
methodology as directly related to the creative process through the formal and operational challenges of 
technology, and how it can collaborate to make the design process more efficient in the representation 
field. 
This work aims to understand how the BIM concept will stimulate the architects to explore new thinking 
processes and new abilities for their creative approach, such as better interoperability with other 
disciplines and better and more consistent control of the whole project.  
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1 INTRODUCTION 
 
1.1 General Approach 
Throughout the history of architecture, some issues such as constructive errors and design problems, in 
projects generated by a traditional process, are usually directly related to the management of the design 
phase, in which the discontinuity of information from the design process between phases affects the 
workflow and their consistency. The design process, as a sequence of stages, connects a set of data that 
is improved and transmitted to the later phases. Even in small projects, there is an enormous amount of 
information that can be easily fragmented in the middle of the project process. Technological advances 
introduced new possibilities for humanity, in different aspects and knowledge fields, including 
architecture. Technology has helped us advance and make decisions, especially when it comes to the 
consistency of information, generating new options such as identification of new content, analysis, shape 
grammar, and management of data. The evolution of technology has directly impacted the process of 
design, mainly allowing new ways to translate ideas into building spaces. Currently, in the competitive 
AEC (Architecture, Engineering, and Construction) industry, in which productivity and time are highly 
valued, the use of digital tools introduces new perspectives to optimize the process and is essential to 
keep the vitality of the market. 
Moum (2006) defines the good design process as a fundamental pillar of a successful construction 
project, and ICT (Information and Communication Technologies) represent powerful and potential tools 
to facilitate changes and improvements in the AEC field. 
Thus, BIM (Building Information Modelling) has been pointed out as a new paradigm for the creative 
process of the built environment and a promising opportunity for new challenges in the architectural 
design approach. According to Suermann (2009), BIM is the virtual representation of the physical and 
functional characteristics of a facility from inception onward. As such, it serves as a shared information 
repository for collaboration throughout a facility's lifecycle. 
BIM represents new innovative possibilities for the design process. Changing opportunities can occur 
when we can start earlier in the conceptual process, the performance-based design resulting in a 
considerable benefit for a better-informed design. BIM means more consistency in a project and more 
control of the process.  
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1.2 Main Focus 
Through the process of technology interaction with the creative process approach, this dissertation 
focuses on studying the impact and effects of the BIM methodology in architectural design as new 
possibilities for buildings development. Disregarding personal skills, such as the architects' creativity, 
the thesis aims to relate the historical process of insertion of technological innovations to the advantages 
and disadvantages of their use. In the same way, the thesis seeks to observe how BIM can change the 
perspective of the architect as a “role,” mainly because the BIM approach brings the architect closer to 
the construction. Using BIM, the architect builds a virtual building, which enables better interoperability 
among different disciplines and different knowledge. In the BIM environment, the architect is required 
to manage virtual built objects, like a wall, as opposed to what happens in the traditional process, in 
which the architect deals with lines as representative symbols. In the BIM approach, the architect needs 
to understand the behaviours and purpose of each element, not just consider the shape function, creating 
a relation with constructive techniques. 
The adoption of the BIM methodology, as a process, each day becomes even more widespread. 
Therefore, one of the objectives of this study is to understand how the application of new technologies 
has changed the routine in the design processes, evaluating not just their advantages and disadvantages, 
but also the limitation of their use. 
 
1.3 Problem Discussion 
 Technology in the architectural environment is advancing every day, providing professionals with new 
resources for optimization and better options for more accurate information involving simulations, 
geometric exploration, fast quantitative analyses, among other possibilities. The three-dimensionality 
made possible by the use of computers, notably BIM software and others that focus only on geometry, 
allows architects more precise studies and exploration of new architectural challenges, especially 
creative ones. 
Particularly regarding BIM, much has been discussed among architecture critics about the role of the 
methodology and how offices have been using it in their projects. Despite the great array of possibilities 
offered by BIM as a virtual construction methodology, critics emphasize the tool's potential has been 
underestimated by architects, who sometimes use it only for geometry formulation and drawing 
production tools, often disconnecting the process that involves the technical knowledge from the 
elements used in the model. 
Thus, the BIM methodology, in some cases, has been underused for the sole purpose of orthographic 
production of project documentation through drawings. This thesis, as we will see in the following 
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chapters, seeks to confront how the mentality of the profession has been adapting and changing over 
time, through different social and cultural contexts and how this impacts the professional's approach to 
the BIM methodology. Notwithstanding the advantages of using these technologies in the architectural 
industry, as we will see in more detail in the third chapter, there is still some resistance to the 
implementation of the process. Those who condemn the use of technology as a design process tool argue 
that it limits the architect's design process, inducing the use of pre-defined elements and their consequent 
repetition as a solution. Is this one of the limitations of using BIM technology? 
One of the authors who argues in favor of the use of technology in the design process is Kalisperis 
(1996). The author defends the idea that technology, mainly through the computer, allows the 
exploration of new alternatives taking into account a general point of view as a whole, in addition to 
optimization of typically repetitive design tasks, allowing better use of time within the creative process. 
Simon (1969) also argues in defence of technology. Most food comes from farms and plantations, also 
being characterized as artificial means since they are also human-made modifications of the natural. A 
pencil is also an artificial object, a tool, which for designers serves to represent their ideas. Why would 
not the BIM and computer, which are also artificial tools, express project ideas? 
As we will see in the following chapters, architects throughout history used different materials to express 
their ideas and imagination: stone, clay, paper, wood, pencil, among others, and currently the computer. 
The computer works only as a professional's work tool, like other careers have also evolved in their 
techniques and have improved to better manage their time and work conditions. Architecture has always 
reflected social and cultural conditions, directly influencing its process and relationship with society. In 
this sense, the computer does not assume the role of decision-maker, instead it allows precise analyses 
whereas the designers still must make the decisions. 
One of the issues is that, in architecture, the same problem can be interpreted and solved in different 
ways, even by the same person. The design solution, a priori, can always evolve - considering the 
creativity of the architect and that its limiter is often the exhaustion of time.  
This issue is directly related to the understanding of the diversity in the creative process and also how 
the tools allow a better workflow to optimize them. To exemplify, it is worth mentioning architecture 
competitions, in which the use of BIM is starting to be mandatory. The architecture competitions using 
BIM are relevant examples to understand how the demands of the program offered by the competitions 
result in different design proposals. Would these proposals be similar, or would the result itself prove 
plural? 
The study of this information is relevant for the understanding of how technology can interfere in the 
architect's creative process. As Walter Gropius (founder of BAUHAUS) defended, the use of 
technology, prefabrication, and predefined elements for design, does not necessarily constitute an 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 4 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
element of limitation of design variations. Gropius was against “total prefabrication” as too limiting. He 
recognized that formal variation is an architectural necessity; that it is what separates trailers, 
manufactured homes, and other geometries-produced buildings from “architecture.” Instead, he turned 
to the prefabrication of the part, rather than the whole, at a very early stage. The guiding principle, he 
stated, was “the greatest possible standardization with the greatest possible variation in form.” 
Thus, the questions arise: How does BIM influence the creative process? What are the implications of 
using BIM tools in architectural representation and design? 
 
1.4 Research Methodology 
In this master thesis, the work is based on three ways of doing social science research: literature review, 
survey, and case study. Each strategy has peculiar advantages and disadvantages, depending upon three 
conditions: the type of research question, the control an investigator has over actual behavioural events 
and the focus on contemporary as opposed to historical phenomena. Each is a different way of collecting 
and analysing empirical evidence and this plural methodology provides the thesis with a different 
approach to understanding the problems. 
The methodology starts with the analysis of studies developed throughout history, considering the 
review from references such as papers, thesis, books, and some audio-visual information, to make sure 
all data is taken from safe and reliable sources. The objective of this methodological process was to 
investigate how technology applied to the creative process changed the architecture approach throughout 
history and also to understand the “state-of-art” of topics regarding BIM and representation.  
To support the data collection and to understand the practical scenarios in the industry, a survey 
approach was also adopted by contacting offices around the world to get a general view on the influence 
of BIM in the routine of their creative process. In this strategy, the questions “who,” “what,” “where,” 
and “how” provide the incidence and prevalence of the phenomenon in the real context. The survey 
strategy was used with an exploratory purpose and was conducted digitally, via “Google forms”, to 
collect information in various countries. By applying the survey in different countries and continents, 
this part of the study aimed to understand if and how socio-cultural differences are affecting the new 
workflow and if there is relevant contrast under different conditions. 
In the sequence, a case study arises out of the desire to understand the problem as a complex social 
phenomenon. According to Yin (2014), the case study strategy is preferred when “how” and “why” 
questions are being posed and when the focus is related to a contemporary phenomenon with some real-
life. The “how” and “why” questions, as a form of research in the case study, are more explanatory 
questions and have a different purpose compared to the previous strategies. 
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In the end, a discussion chapter provides the relation between the review of the literature, and both 
results found in the survey and case study chapters and the evidence for future practical applications. 
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2 THE TECHNOLOGIES APPLIED TO DESIGN PROCESS AND THE EVOLUTION 
OF PROJECT REPRESENTATION. 
 
2.1 Traditional Creative Process 
The creative approach of the architectural environment is an extensive process that starts with a problem 
or a client demand and is sequentially followed by idea hypotheses. The idea is synthesized by a solution, 
a product of architectural thought. Good ideas can result in proper answers, and creativity is directly 
related to this process. In this chapter, the exploration of technologies aims to understand how they 
improved our knowledge and led to better products. In Figure 1, we can observe how the traditional 
workflow of the creative process is structured. In the following chapter, we will be able to see how it 
changed with the implementation of BIM technologies. 
 
 
Figure 1: Diagram Representing the Traditional Creative Process 
 
The creative architectural process, through history, had always been impacted by the cultural and social 
context, transforming society's relationship with the architectural career (Robbins, 1997). The historical 
relationship between the product, buildings (in this case spaces in general, not just indoor spaces), and 
historical facts is an alternative to explain how society has changed and how architecture can be seen as 
a cultural product and conduce a historical illustration. In this section, we will use the Industrial 
Revolution as a crucial transition moment for the creative process and representation in architecture. 
The word “architect” comes from the combination of two words, “arché” and “tecton”. “Tecton”, in 
Greek, means the person who builds objects by joining pieces and not by modelling. “Arche” means 
superiority. Etymologically, the word architect means "great craftsman". Disregarding the variations 
that the word may have assumed over the centuries of Western culture, today, we use it in several ways 
(Colin, 2010). 
During prehistory, there was no concept of the project as an instrument of graphic representation. The 
architect was a necessary presence at the construction site and, in addition to planning spatiality, was 
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responsible for technical solutions and communicating ideas. The knowledge and the process of 
transforming ideas into something constructed were mainly transmitted verbally as drawings and models 
were not the primary mode of communication used by architects to explain their ideas to builders. 
According to Sousa (2007), in antiquity, architecture was the field of knowledge capable of adequately 
executing and idealizing the built space. During the Middle Ages, the architect was responsible for the 
creative, even mental, conception of space planning and, mainly, for communicating, often only 
verbally, how the building should be constructed. 
Classical architecture, developed in antiquity, had its creative process impacted by canons such as 
harmony, balance, and proportion (Sasaqui, 2015). Greek religious architecture and Roman military 
buildings had their creation processes impacted by the architectural orders; the ideas made explicit 
through proportions and patterns. For Summerson (2009), the aim of classical architecture was to 
achieve harmony among architectural elements. Classical harmony was expressed through constructive 
elements of architectural orders, these being the result of the ratio between the diameter and height of 
the columns, configuring the "column-superstructure" unit. According to Kirklewski (2016), the Roman 
architect Marcus Vitruvius Pollio (1st century BC) communicated, based on his studies, the basic rules 
that guided the project of a Doric temple, which consisted of using a 6:1 ratio. This means that the 
recommended height for the columns had to be 6 times the dimension of the base column. In figure 2, 
we can see an example in which the Greeks supposedly used the golden ratio to design the Parthenon in 
Athens. 
 
Figure 2: The Parthenon Relation with the Golden Ratio Proportion 
Source: Ucsart, 2017 
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It was believed that due to the proportions and standardization of the classic architectural orders, it was 
possible to build without or with limited use of drawings. The economic and cultural context had a direct 
impact on this positioning taken by the architects. Despite having tools such as rulers, compasses, and 
other geometric instruments, the Greeks only had papyrus as support for representation, which at that 
time was expensive. According to the German archaeologist Lothar Haselberger, drawings in ancient 
Greece existed, however, the support was the wall of the building itself, where the architects at the 
construction site made their sketches and notes. However, with the completion of the constructions, the 
walls in stone were polished, and the drawings were erased (Kirklewski, 2016). 
In the Middle Ages, especially during the Gothic and Renaissance periods, central transformation took 
place, leveraging the creative process and the professional's relationship with society. Gothic 
architecture stands out for its technical construction advances, with architectural culture influenced by 
the structural technical field. These advances allowed architects to explore new solutions creatively, 
and, at that moment, the structure took on a prominent position in architecture. Structure started to have 
a clear emphasis on the projects of that period, making it possible to differentiate the elements that 
supported the weight from those with no structural function. The exploration of large openings that 
resulted in more divine light in religious spaces, for example, was a design solution developed during 
the Gothic age in accordance with this new relation between architectural and structural elements 
(Benevolo, 1991).  
An iconic example of Gothic architecture is the Notre Dame Cathedral in Paris, France (Figure 3). In 
Figure 3, it is possible to see the flying buttress- arcs-boutants as a distinct structural element. 
 
Figure 3: Notre Dame Cathedral, Paris. 
Source: Wikipedia, 2017 
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It is in the Gothic age that a distinction is made between the design of spatiality and structural solutions, 
as architects still do nowadays. However, there was no distinction of professionals and their functions 
and not even a project as we have today, which was first idealized only in the Renaissance. The architect 
was the professional in charge of imagining and solving the issues related to design and structure themes. 
Space was conceived in a practical way, with the presence of the architect at the construction site, and 
the details being defined during execution. 
According to Sousa (2007), the Renaissance period is an essential moment in the discussion of 
architectural representation and design. Before the Renaissance, without a project, the creative process 
and solutions happened on the building site as architects did not plan the building in advance. 
In the Renaissance, the architect began to be recognized as a professional by society (Zevi, 1996). With 
the advent of linear perspective as a method of graphic representation and with the greater appreciation 
of drawing as a process, the architect began to use drawing as a tool for the creative process and to plan 
the entire building before the beginning of construction. The use and enhancement of drawing as a 
creative tool brought the architect closer to the offices; thus, the architect's permanence on the 
construction site and the contact with construction techniques were significantly reduced. The career of 
the professional who plans and transforms imagination into space and is responsible for technical 
solutions begins to emerge. In this new organization of the work, the architect continued to be 
responsible for the design and for many technical demands. However, due to the distancing of the 
architect from the construction site, the technical requirements were resolved by the constructor.  
According to Benevolo (1991), this organization led to a distance between the architectural composition 
and the structural system. The Gothic structural arches, which had the role of combating the efforts of 
the vaults, were replaced by metal rods, which, in some cases, were hidden in the masonry. It 
demonstrates a particular concern on the part of the architect to value the formal aspect of the building 
rather than the structural solution. This represents the beginning of the division of tasks of spatial 
planning, architecture, and structural planning. At this moment, the beginning of the relationship 
between architectural design and structural design is perceived.  
As an important moment of historical impact, the Industrial Revolution brought changes in the mode of 
production, science, and technology, directly influencing the creative process with new possibilities and 
paths for the architect. It is in this historical context that drawing becomes a requirement for this new 
mode of production and construction. More technical design is required, which is efficient in enabling 
large-scale production. The Renaissance era design lacked the precision of information, despite 
contributing to the process. With the high demand for new construction and the related increase in the 
urban population, the Industrial Revolution began to demand a new reality from the construction and 
creation design process. 
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“The industrial revolution is characterized by certain basic changes which occurred first in England, 
from the middle of the eighteenth century onwards and which were repeated, sooner or later, in the 
other countries of Europe: increase in population, increase in industrial production and the 
mechanization of productive systems.” (Benevolo, 1971) 
 
The Industrial Revolution required an accurate and scaled graphic representation. Menezes (1999) 
defends the idea that, at that moment, technical drawing became a communication code, a language, 
precisely perceived by those who knew it. 
The Crystal Palace (Figure 4) is an example of the application of the ideas present in the Industrial 
Revolution period. Designed by Joseph Paxton, it was a remarkable construction of prefabricated parts 
for the 1851 exhibition in Hyde Park, in London. It was developed as a huge gallery built with modular 
metal structure and glass. The Crystal Palace established an architectural standard for subsequent 
international fairs and exhibitions that likewise were built using glass and iron. Figure 5 shows a 
technical drawing of the Crystal Palace, where the process started to be standardized.  
 
 
Figure 4: The Crystal Palace Designed by Sir Joseph Paxton for the Great Exhibition of 1851. 
Source: Britannica, 2016 
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Figure 5: Details of the Façade and Vent of the Crystal Palace. 
Source: Schittich, C. & Detail, 2007 
 
It is during the Industrial Revolution in Paris that the profession of the civil engineer is instituted. For 
the first time, the distinction between the professional who plans the shape and the professional who 
designs the structure is clearly established in society. 
It is important to comment that, during this period, a career in engineering was highly prestigious in 
society, due to technical thinking, necessary for the social transformations that were taking place with 
industrialization (Sousa, 2007). Despite the recognition of the importance of the architect's profession, 
the new architecture course, associated with the School of Fine Arts, was installed in a disjointed way 
from the Polytechnic School, reaffirming the artistic character of the profession. These actions, which 
began in the Renaissance with the removal of the architect from the construction site, represented the 
outcome of a new moment for the word architecture. From the Industrial Revolution onwards, there is 
a distinction between the careers of architecture professionals and engineering professionals. 
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Steel, iron, plastic, and other new materials have allowed new shape solutions and new paths for creative 
development. Architects were able to explore new typologies plastically, like large spans between 
columns using steel in train station projects, for example.  
Walter Gropius, in 1909, was already thinking about prefabrication in architectural projects. The 
architect who created the Bauhaus thought of the industrialization of the elements that constitute a 
building. Making a parallel with the BIM theme, Gropius designed the object families, which can be 
adjusted and shaped in different arrangements, allowing creative freedom. For the architect, artistic 
freedom was essential, so it would never lead to the total industrialization of buildings, as in the case of 
cars, for example. 
This method made the process faster and more economically efficient, in addition to changing the form 
of conception, which enabled a systematic approach to design. The standardization of Gropius' design 
functioned more as an organization of components than as compositional forms. In Figures 6 and 7, we 
can see a prefabricated project by Gropius, “The Package house system”, designed with Konrad 
Wachsmann in the USA between 1943 and 1945. Prefabricated, quickly deployable building systems 
were necessary during the war to house troops and strategic equipment. Prefabricated building systems 
were also needed to guarantee housing for many migrant workers adjacent to the factories producing 
aircraft, equipment, and weapons. The Gropius system, with his method of prefabricated housing, had a 
significant social and economic impact after the Second World War as a faster and cheaper alternative 
to provide homes (Imperiale, 2012). 
 
 
Figure 6: The Package House System by Gropius and Wachsmann 
Source: AIA California, 2017 
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Figure 7: The Package House System Construction 
Source: AIA California, 2017 
 
With the advent of the mechanical process technology, computers, and CAD software, the relationship 
between design and the representation, even though digital, remained remarkably similar conceptually. 
Since 1990, the creative process has started to use the digital tools intensively to achieve better 
approaches and time management. 
The idea of working with digital vectors enabled architects to be more efficient in terms of production 
time yet maintaining a distance from construction processes. CAD was just a digital translation of the 
drawings produced on drawing boards. 
Making a parallel between the processes analysed in this sub-chapter and the BIM methodology, it is 
possible to see how the historical facts introduced concepts in the creation process that are used today 
in BIM. For instance, the ancient Greeks and their patterns of classical orders, or the standardization 
caused by the Industrial Revolution could be compared to the BIM families and their patterns of use as 
a design tool. Not to mention the architect's approximation to the construction site up to the Middle Ages 
and the consequent affection for technical knowledge and now the conceptualization of BIM and digital 
construction as a new approach for the technical knowledge related to the architect role. It is clear that 
many concepts permeated throughout history have been translated into new ideas and possibilities for 
architecture. 
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Considering different creative processes, architecture is essentially a product of the professional's 
imagination and skills, a field where humans can communicate their thoughts to society, transforming 
abstract ideas into spaces. Currently, the architecture thinking turned out to be mainly visual, with digital 
representation assuming vital importance in the conceptualization and creation process.  
 
2.2 2D Drawings 
This thesis is directly related to the creative process in architecture. However, it also aims to study how 
the impact of technology resulted in implications for the use of different representation systems in AEC. 
Be it orthographic drawings, physical models, or the use of the computer, all these tools aim to generate 
reductions of a real element in order to be able to transmit information, that is, to represent an element 
in a simplified way. In order to understand how BIM can affect the representation system, it is relevant 
to know how previous technologies influence the conceptual narrative process. This conceptualization 
is essential to realize how these tools helped to formalize the creative process culturally and, thus, to 
assimilate the barriers that this thought can generate in the application of new technologies, often caused 
by conceptual vices. 
The act of drawing comes from the dawn of civilization. According to the Greek legend, the first 
connection between drawing and construction is related to the story of Dibutades. According to the 
Roman writer Pliny the Eldern, Dibutades' daughter, was smitten with love for a young man in Corinth, 
where they lived. Dibutades drew the outline of his shadow onto the wall and modelled the face of the 
young man upon this outline in clay and baked the model along with his clay tiles.  
The two-dimensional representation of architectural design has influenced the social status and 
performance of the profession throughout history. Drawings are a powerful tool to represent and 
combine the imagination of the architect with the final material product. The interest in drawing as a 
form of representation and the emphasis we place on its origin, its meaning, or representation often does 
not show the full role it plays as a social practice. Drawing has always been a key element of the 
relationship between the architect and the builder, allowing a better approach of the idea to its 
construction and as a tool to integrate different social careers. Zevi (1996) explains that when the 
architect emerges as a social role, during the Renaissance period, and the architectural project begins to 
be expressed through plans, sections, and façades views, the drawings start to function as instructions 
for the builder. So as to approach drawing as a tool of expression and communication, a trajectory 
through the historical perspective is necessary. The change in the use of drawing has been linked to the 
subsequent change in the cultural-historical period in which it was produced. Considering the ancient 
civilizations, the climax happens when the architect reaches the social status of a profession, during the 
Renaissance. This last change from artisan to the architect was accompanied and made possible by the 
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centrality and importance acquired by drawing as an instrument of creation and production in 
architecture. It became the central element of the project and its construction (Robbins, 1997). 
Over time, architecture has demonstrated the advancement of design and construction processes, as well 
as means for their representation by man specifically through drawings. The oldest plan of a building 
that exists is dated to 2130 BC, a floor plan of a Ziggurat (Figure 8). It is engraved on a statue of Gudea 
in Ur, a city in the south of Mesopotamia (Pipes, 2010). According to the Schoyen website, clay 
representations of plans were also used in this period. Figure 9 shows a design representation on a clay 
tablet of the temple Nur Adad, quite similar to the original proportions of the building. 
 
 
 
Figure 8: The Ziggurat Plan on Statue of Gudea 
Source: Ragauian, 2016 
 
 
 
Figure 9: Architect’s Drawing of the Palace of Nur Adad in Larsa 
Source: The Schoyen Collection, 2020 
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According to Vitruvius (2007), bi-dimensional drawing, in antiquity, played a significant role. However, 
for the Greeks, sculptors were primarily responsible for the performance of design, departing from the 
verbal detailing they received from architects. In antiquity, geometry assumed a more substantial 
presence compared to drawing, given that the projects were then mainly based on proportions. 
Regardless of the role of drawing in ancient architecture, it did not function as the dominant instrument 
in the design process, nor did it free the architect from their responsibility as an artisan. 
Benevolo (1991) defends the idea that, in old Egypt, it is possible to find some representations on rocks 
or papyrus (Figure 10). 
 
 
 
Figure 10: Egyptian Drawing Representation on Papyrus. 
Source: Understanding Architecture, 1993 
 
 
Zevi (1996) argues that in the Gothic period, drawings had an important role in the management of the 
construction, as each step in the project was consciously and rigorously planned. The drawings were 
used to illustrate for the owners the impact of the building in the landscape. During this time, the gothic 
façades were tools explored by the designers to sell their ideas to the owners. 
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In the 14th century, with the Renaissance, the process of defining the architect as a social institution 
became a reality, and the consequent cultural appreciation of drawing as an expression and 
representative of the career became increasingly present in the social discourse. The Sansedoni Palace 
demonstrates a new approach to the use of drawing. The façade (Figure 11) displays many of the 
characteristics of the drawings used today, such as orthogonality, proportion, and scale, in addition to 
being accompanied by notes that facilitated its execution (Monteiro, 2012). 
 
 
 
Figure 11: The Sansedoni Façade 
Source: Journal of the Society of Architectural Historians, 2011 
 
 
Due to the need and appreciation of drawing as a design and communication tool, and the resulting 
higher demand for numerous drawings, architects found themselves closer to the office environment and 
more distant from the construction process. 
When the architect left the construction site and took over a role more restricted to the drawing board, 
the career gradually lost the technical knowledge that the builder had for the execution of projects, such 
as methods and techniques of construction, analysis of materials, management of construction, etc. This 
transformation is also associated with the approximation of the school of architecture to the school of 
fine arts and the consequent distance from the polytechnic. 
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Thus, opportunities emerged for the development of engineering as a profession that began to 
appropriate this range of knowledge. This architect’s loss of technical expertise, as we will see in the 
following chapters, will be crucial to understand the BIM methodology in its entirety. This fact is also 
related, as commented in the previous topic, to the technical approach required after the Industrial 
Revolution. The engineer’s career starts in a prestigious position in society because their course was 
structured in a technical way. On the other hand, the architect’s course became increasingly related to 
the fine arts. The architect started to act more as a designer than as a builder, using drawing as a process 
tool and a critical instrument, which allowed them to be perceived as thinkers. 
Compared to the Middle Ages, the Renaissance allowed architects to explore drawing as a better 
approximation of the project and as a better form of expression. Filippo Brunelleschi, a Renaissance 
architect and sculptor, figures as one of the leading representatives of that period when he conducted his 
first perspective experiment (Figure 12). Brunelleschi was responsible for the advent of linear 
perspective drawings and works of light and shadow that allowed a better understanding of what 
architecture professionals imagined. By applying perspective, it was possible to transform the sketch in 
a form of expression of the architecture memory. Without a doubt, it generated a significant evolution 
and cultural transformation in architecture, considering the potential appearance that the drawing in 
perspective has for the understanding of a project. 
 
  
Figure 12: Diagram Depicting Brunelleschi’s Experiment 
Source: Kochhazard, 2019 
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However, drawing in architecture, as well as art in general, is subject to interpretation. Despite drawing 
conventions, builders could end up interpreting two-dimensional drawings in different ways. Two-
dimensionality is not capable of transmitting all the information about the building, as we can see in the 
Sharp Center project, by Will Alsop, in Figures 13 and 14. The complexity of the floor plan is open to 
different interpretations. Bruno Zevi (1996) defines the idea that the building plan is a projection of all 
walls in their totality, a reality that we cannot see in the paper-based drawing plan, as quoted below: 
 
 
 
“In fact, the floorplan of a building is nothing more than an abstract projection on the horizontal 
plane of all its walls, a reality that no one sees except on paper, whose only justification depends on 
the need to measure the distances between the various elements of the building for workers who must 
perform the work in the construction site....” (Zevi, 1996). (translated by the Author) 
 
 
 
 
 
 
 
Figure 13: Sharp Center Roof Plan by Will Alsop 
Source: Studio International, 2009 
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Figure 14: Sharp Center by Will Alsop 
Source: Studio International, 2009 
 
 
As far as the creative process goes, the sections and façades, associated with the plans, were a good pack 
of information that helped the AEC process, but, despite the contribution, the understanding process 
with these tools was still constrained. In order to picture the building process, drawings are limited 
because, regardless the scale and size of the project, there are several dimensions and details that can 
change depending on different heights or positions. For instance, if a person turns an object around, they 
will experience infinite views of the same object. It means that, in 2D, the architect can represent the 
same object in infinite ways, allowing different interpretations of the same geometry.   
 
“...a floorplan can be abstractly beautiful on paper; four façades can seem well studied due to the 
balance of full and empty volumes, reliefs and recesses; the total volume of the ensemble can be 
proportioned, however, the building can be architecturally poor.” (Zevi, 1996).  
(translated by the author) 
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Therefore, time, background experiences or feelings can influence how a drawing will be interpreted. 
The architecture 2D drawing assumes the “art dimension”, allowing the possibility of the same drawing 
to be interpreted in different ways by different people. This situation, in the construction market, may 
lead to inconsistent information and inaccurate workflow. Two-dimensional drawing offers many 
possibilities to the architect as a representation of the creative architectural process, yet it is still limited 
because it does not consider all dimensions of objects. 
Zevi (1996) defines architecture representation with some differences in comparison with other arts 
creative process. According to the author, the architecture three-dimensional interpretation considers the 
human as part of the object. Sculptures are also three-dimensional, but, in this case, the human is outside 
the object, or the human is the object represented. Contrasting architecture to the other arts creative 
process, Bruno Zevi wrote: 
 
 
“...Architecture is like a large, excavated sculpture, into which the human penetrates and walks.” 
(Zevi, 1996). (translated by the author) 
 
 
 
Despite its limitations, drawing still performs a significant role in the construction industry, especially 
concerning communication with builders and lay people. Considering the latter, perspective can be seen 
as an excellent tool for communication and materialization of a creative process and as a socio-cultural 
product. 
To better understand 2D paper-based drawings, some familiarity with representation techniques and 
architecture symbols is required. Types of lines, colours, hatches, textures, shadows, icons, texts, and 
other different elements can be used in architecture drawings to enable the architect to translate their 
imagination. This knowledge about architecture drawing language helps to express and explain to the 
client what these codes represent, but, in general, just the drawings are not enough to explore and reveal 
all the potential of an architecture project. 
The drawing’s limitation in bidimensional techniques can cause problems on architecture representation 
and construction, especially if we consider the traditional creative process in architecture, in which the 
phases are sequential and not connected. Frequently, some information can easily be lost when the 
project phase changes, which can result in errors on the construction site, mainly in complex projects. 
The ambiguity of orthographic drawings and their inconsistency can create conflicts and 
misunderstandings, resulting in clashes or results below the architect’s expectations. Two-dimensional 
representations in architecture can be compared to poetry; it should be noted that these representations 
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are subject to different interpretations. During the 20th Century, orthographic drawings became more 
cohesive, with the use of plans, sections, perspectives, and axonometric to illustrate the three dimensions 
of the architectural element. These different drawings to represent and analyse a project offered the 
architect possibilities to match their ideas in the best way possible.  
Rasmussen (1964) states that architecture is produced and created for people, for common people, and 
not for the architects, therefore it must be understood by all. Essential elements to think architectural 
spaces during the creative processes like shadows, mass, wind, texture, light, and others are difficult and 
complicated to represent using bi-dimensional drawings., thus, for a more accurate process, the third 
dimension is essential (Ching, 2011). 
Nowadays, the best way to represent the architectural space is to work with three-dimensional software, 
especially BIM software, in which the workflow for the creative process can be more consistent, and 
the relation between drawings and volumes is simultaneously updated. The 3D software also allows the 
client to “walk through” the model and feel inside of it, as a premise of the architecture defended by 
Zevi (1996), already mentioned: the human as part of space. 
Deconstructivist architects, the venustas, consider the shape appreciation a complex element to be 
represented and analysed by paper-based drawings. In the work of architects like Frank Gehry, Daniel 
Libeskind, and Zaha Hadid, the three-dimensional view is essential, although they use 2D drawings in 
the creative process. Computational resources create appropriate conditions to design, analyse and build 
architecture with free shapes, the precision of details and no interpretation errors. In the sequence of 
Figures 15, 16, 17, and 18, we can see part of Frank Gehry’s creative process and how it was developed 
not just using drawing, but with substantial support of new technologies. We can even speculate that his 
architecture would be unachievable (i.e., unbuildable) without the new design tools enabled by the 
digitalization. 
 
Figure 15: Louis Vuitton Foundation Sket by Frank Gehry 
Source: Archidaily, 2014 
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Figure 16: Louis Vuitton Foundation by Frank Gehry 
Source: Archidaily, 2014 
 
 
 
 
 
 
 
Figure 17: Louis Vuitton Foundation Plan by Frank Gehry 
Source: Milimet Website, 2015 
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Figure 18: Louis Vuitton Foundation by Frank Gehry Automated Production Using Tekla Structures 
Source: Tekla Website, 2015 
 
 
Currently, considering the industrial process and capitalism, thinking about architecture with only 2D 
drawings is a challenging and almost impossible market approach, as competitiveness and productivity 
need to be more significant every day. The AEC market is moving towards a more digital and less 2D 
architecture, a movement to respond to the demands of society, mainly those related to economic reasons 
and capitalism logic. Despite these demands sometimes interfering in the architect's creative process 
and imagination, we can see that the pen associated with technology, has allowed the architect to explore 
other formal dimensions through the association of technology and design. It is essential to mention that, 
in architecture, the function of drawing is not just to represent an object to be built, but also to explore 
and investigate spaces and possibilities. 
 
2.3 Physical Model 
When it comes to the origins and role of three-dimensional models in the history of architecture, 
especially in antiquity, fantasies, speculations, and anachronisms are common, which generally 
transpose modern forms of the work of architects to the past and traditional constructive cultures. 
In addition to paper drawings, physical models are one of the oldest representations and communication 
types in the architecture field. Drawings are the spatial representation of architectural elements using 
lines in a more “abstract” dimension, considering that it is representing three-dimensional elements in a 
two-dimensional plane (paper-based), sometimes being difficult to understand. This possible difficulty 
and a need for better communication between the designer and the constructor, throughout history, 
turned the physical model into a possibility to make the information clearer. Knoll and Hechinger (2003) 
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define the physical model as a reliable and immediate answer for the spatial conception through 3D 
elements. The first record that humanity has information about the use of the physical model is dated to 
the 5th century BC, when Herodotus (Greek geographer and historian) made reference to the miniature 
model of a temple in his book called Stories (Dunn, 2010). Particularly regarding Egyptians, Greeks, 
and Romans empires, there are some divergent opinions from researchers about the uses of physical 
models. In general, for these cultures, the models represented a symbol. Rozestraten (2011) wrote that, 
in the late 19th century, the English archaeologist William Matthew Flinders Petrie found more than a 
hundred ceramic objects in cemeteries in the Nile river region. Some of these funerary objects with small 
scale architectural forms, called trays of offerings and “Soul Houses” (Figure 19), were catalogued, 
studied, and published by Petrie at the beginning of the 20th century. 
 
 
Figure 19: Fired Clay Offering Tray (”soul-house”) in the Form an Enclosure 
Source: The British Museum, 2020 
 
During the Renaissance period, physical models were used in different areas in Europe to help 
understand constructive details and raise money for construction, from the 15th century until the 
beginning of the 17th. They were often used as a form of representation good enough to clearly 
demonstrate an architectural idea from a designer to a client (Farrelly, 2008). 
Brunelleschi was a famous architect that applied the physical model as a tool. A good example of this 
use was the Florence cathedral construction. Creating a physical model was the only way by which 
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Filippo Brunelleschi could easily guide his craftsmen in the development of the dome of the Florence 
Cathedral (Figure 20). 
 
 
Figure 20: Florence Cathedral Physical Model by Filippo Brunelleschi 
Source: Opera Duomo Magazine, 2015 
 
Antonio Gaudi is also an important and relevant example of the use of physical models as a primary 
design tool. During his creative process, he designed three-dimensional shapes of ruled surfaces, 
including hyperboloids, parables, helicoids, and conoids. The use of such complex shapes, most 
exemplified in his unfinished work on Sagrada Familia, allowed for a slender structure as well as 
improved acoustics and quality of the temple's light. Gaudi used plaster models to develop his projects, 
including an enormous 1:10 scale model of the central nave of Sagrada Familia, which was five meters 
high, two meters wide by two meters deep. He utilized a system of ropes and sandbags suspended from 
the ceiling to define the shape as well as the structural form of his buildings. From this inverted model, 
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he derived the angles of inclination of the columns, vaults, and arches (Figure 21). This experimental 
modelling technique is to some extent analogous to contemporary digital parametric modelling.  
 
Figure 21: Gaudi Experiment to Define the Inclination of the Columns of Sagrada Familia Church 
Source: The Institute for Sacred Architecture, 2018 
 
 
Burry (2003) explains how essential Gaudi’s models are nowadays for the Sagrada Familia’s 
construction restart. Many of his drawings and models were destroyed, and those that were not destroyed 
missed parts. These were restored, digitized, and later went through a system of parameterized 
generating rules that were inferred in the digitized models. This technique was used to reconstruct parts 
of the models that were missing to generate information for those parts which were built through digital 
fabrication using reference photos of the models published before their destruction. This process was 
designed so as not to interfere with the design standards established by the architect who created the 
work and to continue the church’s construction as close as possible to what should be the original model. 
During the 18th century, physical models assume the role of “teaching tool”, introduced by faculty in 
the learning process. Nevertheless, in the end of the 19th century and the beginning of the 20th century, 
drawings became the principal mean to express ideas and concepts and a way to communicate in the 
construction field. This change in the process occurs when the architecture course gets closer to fine arts 
schools.  
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Through the Modernism age, the architectural style produced projects using simple shapes. Architects 
like Le Corbusier, Mies Van der Rohe, and Oscar Niemeyer are good examples for this period. At that 
time, models were used differently, despite helping visualize the masses and scales, they ceased to be a 
design process. They became just a final visualization of the project, as we can see in Figure 22, that 
depicts Oscar Niemeyer showing his architectural project for Aviles, Spain. Physical models became a 
piece of art, just for appreciation. 
 
 
Figure 22: Niemeyer Explaining his Project for Aviles, Spain 
Source: Opera Duomo Magazine, 2015 
 
Spatial exploration started to follow other precepts, and models gained prominence again. With the 
decline of Modernism, around the 1980s, it was necessary to find ways to represent ideas with more 
complex forms so that there could be no errors in interpretations of drawings (Dunn, 2010). 
Physical models exist for at least 2,500 years and are important in the process of communication and 
understanding of architecture projects. However, with the emergence of new information and 
communication technologies, in the early 1990s, the role of physical models was challenged by 
electronic representations. Nowadays, 3D printing grants a new dimension and flexibility to the use of 
physical models within the industry. Along with the development of this new technology, the 
relationship between the physical model and its realization process takes up some possibilities already 
applied, such as the use of models for prototyping and analysis. One factor that favors the use of this 
digital tool is the construction time and the digital process, which allows higher precision. 
On the other hand, being a new technology, the equipment cost may be one of the factors that hinders 
its use in prototyping processes. An example that dilutes the limitations to the use of printed models is 
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the application of this concept for construction, such as the construction of 3D printed houses. The 
Vulcan II (Figure 23) is a model of a house that has been developed through the use of 3D printing, in 
Tabasco, Mexico, assuming the model, in this case, the role of the final product. 
 
Figure 23: Vulcan House II, Tabasco, México – Icon Company 
Source: Archdaily, 2020 
 
2.4 CAD – Digital Architecture 
 
"The objective of a CAD system is to blend the designer and the computer into a problem-solving team 
able to attain the goals of design problems more efficiently than each one working alone."   
(Latombe, 1976) 
 
Since just before the 1960s, the AEC industry has experienced the impact of technology, especially 
information technology, on its traditional creative processes. Currently, the computer is necessary for 
the creative processes and ideas transformation into projects, from the schools of architecture to the 
studios. This new element in the creative space has influenced new relationships and changed the 
market. These modifications have been the object of study of different researchers, who have been trying 
to clearly understand how this instrument assumed its role in the creation of environments.  
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CAD (Computer-Aided Design) started to be developed in 1957 by Dr. Patrick J. Hanratty, who named 
his project PRONTO, the first commercial numerical management platform with design purpose. 
Though Hanratty's platform had little impact on the business world, it aroused curiosity in the 
technology community (Bozdoc, 2003). 
Technology research developed at the Massachusetts Institute of Technology, led by Ivan Sutherland 
during the development of his Ph.D. thesis in the early 1960s, led to the invention of Sketchpad.  Also 
known as Wireframe Graphics, it was one of the first computer systems for graphic representation, 
which enabled the creation and manipulation of two-dimensional drawings in monochrome terminals 
(Monteiro, 2012). The technology created by Ivan Sutherland has characteristics similar to current two-
dimensional drawings created by computers, operated through an interactive relationship between the 
technology and the user, who instantly sees the desired action in the computer screen. A Sketchpad user 
sketches directly on a computer display with a “light pen.” The light pen is used both to position parts 
of the drawing on the screen and to point to and change them. Figure 24 depicts Ivan Sutherland using 
the Sketchpad.  
 
 
Figure 24: Ivan Sutherland Using the Sketchpad in 1962 
Source: www.history-computer.com, 2015 
 
Sutherland is considered by many as the creator of Computer Graphics and an Internet pioneer. He 
introduced concepts such as 3D computer modelling, visual simulations, Computer-Aided Design 
(CAD), virtual reality, etc. These new technologies brought the architect closer to the machine and 
granted a set of new relationships to the project, even opening it for new interpretations. In addition to 
modifying the professional's relationship with its tools, the insertion of the computer as an instrument 
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allowed a more responsible and precise relationship between the product and the initial idea. The main 
advantage and advancement in relation to hand-drawing techniques is a faster workflow, mainly of 
repetitive steps, and review corrections, manipulation of two-dimensional drawings, and more efficient 
production of graphic documentation. This technology is known as CAD. 
The first experiments with the use of three-dimensionality with computer support took place in the 
1970s, carried out by three research groups at Cambridge University, Stanford University, and the 
University of Rochester. These three groups, pioneers in the research of 3D computer representation, 
used two distinct methods of approximation, called B-Rep, Boundary Representation, and CSG, 
Constructive Solid Geometry, which at that point competed for supremacy (Eastman et al., 2011). 
Using Boolean operations, the boundary representation, B-Rep, defined the polyhedral shapes through 
the union, subtraction, and volumetric intersection of solids. According to Eastman et al. (2011), 
computational tools were developed to allow the design of these shapes with variability, including 
parameterized boxes, cones, spheres, pyramids, and the like, as shown in Figure 25. B-rep also provided 
swept shapes like extrusions and revolved defined as a profile and a sweep axis — straight or around an 
axis of rotation. The creation of new forms from the combination of primitive forms facilitated 
operations that provided for the possibility of modelling volumes when used together. 
 
 
 
Figure 25: B-Rep System 
Source: BIM Handbook, 2011 
 
 
The other approach method, CSG or Constructive Solid Geometry, consisted of a group of functions 
that define polyhedral shapes, similar to the B-rep results. However, the operations in the CSG method 
used algebraic expressions. In the following example presented in Figure 26, an operator defines the 
primitive representation of a house by using text commands. 
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The main difference, and perhaps most relevant one, between the two systems, is precisely in the 
approximation with geometry. B-rep realizes its geometries based on object operations, while CSG 
defines its geometries based on algebraic formulas. 
 
 
 
 
 
Figure 26: CSG System 
Source: BIM Handbook, 2nd Edition, 2011 
 
 
The two-system representations have some advantages and disadvantages. Real-time visualization of B-
rep helped to check for clashes, for example. On the other hand, the texts strings used by CSG made it 
compact. In the end, both groups recognized that the best idea would be combining both methods. 
Specifically, to use the CSG system’s approach to editing and the B-rep’s for interaction with visual 
shapes.  
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“Today, all parametric modelling tools and all building models incorporate both representations, one 
CSG-like for editing, and the B-rep for visualizing, measuring, clash detection, and other non-editing 
uses.” (Eastman et al., 2011) 
 
 
 
 
 
The use of three-dimensional modelling made it possible to design and build more complex, freer, and 
more sinuous shapes that marked contemporary architecture, such as shapes with curvatures in more 
than one direction. The new technologies, compared to hand drawing, guarantee more creative 
possibilities, which would be overly complex to execute due to the dubious character of a two-
dimensional drawing. This merged approach to modelling was a critical precursor to modern parametric 
modelling. 
Construction models based on three-dimensional models were created in the late 1970s and early 1980s 
with the pioneers RUCAPS, TriCad, Calma, and GDS still using two-dimensional elements where 
designers felt more comfortable and the costs of the same three-dimensional modelers were too high to 
be accessible to all professionals (Eastman et al., 2011). 
The real commercialization of these products came with the first PCs and with the intervention of 
Autodesk, founded in 1982. John Walker, its founder, alongside sixteen other employees, started the 
development of a new CAD program at an affordable price to be used on a PC, the AutoCAD software 
(Figure 27) (Autodesk, 2011). 
This commercialization brought a real impact to architecture design practitioners, which for nearly thirty 
years had worked mostly with sheets of paper, paints, and physical models. Although these tools have 
remained, the computer has accelerated a set of repetitive tasks in the traditional design method (Figure 
28). It has triggered architecture studios and architecture schools to replace most of their drawing boards 
with computers. 
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Figure 27: First Autodesk AutoCAD Interface 
Source: The CadCafe Website, 2011 
 
 
 
 
Figure 28: Architect Life Before CAD 
Source: Arch2O, 2019 
 
These technologies allowed the transition from the traditional design method to the use of machines, 
split into two distinct interpretations: The search for a new design method to experience a new digital 
world and the automation of the traditional design method process, which saved time in repetitive tasks. 
When referring to CAD tools, their focus has always been the representation of geometry in orthographic 
35                                                                  Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
planes, with the use of lines, symbols, texts, and hatches. The search for these new working methods led 
to the emergence of digital architecture. 
The idea of digital architecture starts from the graphic representation of the project in a computerized 
way, through 3D modelling or CAD representation. The main difference between this digital 
architecture and BIM is that in digital architecture, the elements, especially the three-dimensional ones, 
are only geometries. For example, in SketchUp (Figure 29), where lines and planes can conform 
spatiality, unlike BIM, in which they are seen as constructive elements with their respective technical 
properties. 
 
. 
Figure 29: Sketchup Interface by Trimble 
Source: Sketchup Website, 2017 
 
 
Digital architecture can be seen as the representation by virtual means of a real context, with the 
possibility of visualization and fast modifications. Digital architecture does not exist in physical 
material, but in a database, which creates representations as virtual simulations of architecture, with a 
reading similar to physical materials. This is one of the simplest ways to characterize digital architecture, 
but its function is not only to recreate moments or simulations of a space. Digital architecture allowed 
architects to have better management of their transformation of ideas into formal products, despite not 
considering the technical properties of the elements. One of the architects who use digital architecture 
as a means of transforming his ideas into more consistent materials is Frank Gehry. Gehry started to 
connect his physical models to the digital environment through 3D scanning (Figure 30), which enabled 
him to transform the ideas conceptualized in models into a digital platform. 
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Figure 30: Gehry’s Physical Model During Digitalization 
Source: Marc Schnabel, 2004 
 
 
 
“In the design process, architects use both physical and digital forms. The design of the Guggenheim 
Museum in Bilbao, for example, employed physical models that were translated into digital form. With 
the representation from a virtual to a physical three-dimensional (3D) model, shape and design are 
translated in such a way that they suit the characteristics of the subsequent media and tools and 
enabled the model to be handled in a manner appropriate for the tool.” (Schnabel et al., 2004) 
 
 
The union of both tools, physical models, and computers, allowed the architect to explore new forms of 
representation and spatial exploration and, with that, a new way of thinking and expressing their creative 
process emerged. 
The digital generative processes are opening up new territories for conceptual, formal, and tectonic 
exploration, articulating an architectural morphology focused on the emergent and adaptive properties 
of the form. The emphasis shifts from the making of shape to the finding of form, which various digitally 
based generative techniques seem to bring about intentionally (Kolarevic, 2001).  
One of the main points that make the use of computers feasible in the creative architectural process, 
especially in modelling, is its potential as a way to better highlight the solutions idealized by the 
professional. These new modelling tools, even when it is not about BIM, only in a geometric character, 
allow a clearer questioning of solutions made during the process, facilitating the dialogue between the 
architect and the client, and mainly allowing an adequate understanding. 
The technological evolution at the end of the 20th century and the ensuing more significant relationship 
between the social context and digital tools resulted in better working conditions and also the 
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introduction of the computer in this flow. This new digital context allowed architects a more fluid 
experimentation capacity and a more accurate perception of space. 
 
 
“The computer was recognized as a powerful tool to quickly experiment with complex spatial 
compositions within which conceptual visions could be tested.” (Flanagan, 1999) 
 
Despite the positive effects, the relationship between architecture and computerization caused debate, 
especially concerning the professional's distance from the act of hand drawing. However, as Gomes 
(2009) argues, technological advances have changed the way we think and execute architecture and thus, 
we are faced with new conceptual challenges of formal and aesthetic creation. 
Certain resistance follows every transformation, and with the architectural process and the computer it 
was no different. The acceptance of technology, until the present day, has been delayed because it results 
in the re-evaluation of the existing design methods by each professional. Frank Gehry positions himself 
as a great exponent of the relationship between architecture and technology, as we have already 
mentioned above, with the integration of analogy and digital tools. The Guggenheim Museum Bilbao 
(Figure 31) was one of the most representative of the new design approaches emerging with the use of 
digital tools. 
 
 
 
Figure 31: Guggenheim Museum Bilbao by Frank Gehry 
Source: Guggenheim Museum Bilbao, 2020 
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The result of these experiments proved, both in practice and in theory, the need to fit these new 
technologies into a formula, which adapts to the conceptualization of an architectural project and the 
ability to contribute to the creation of an original method of work. The search for a new structuring 
among conceptualization, creative process, and architecture should consider modelling as a creative tool. 
Instead of a simple mechanical instrument, it should be seen as a tool of potential complexity and 
creative support. With the developments in technology and CAD tools, creative and construction 
processes have become increasingly complex, sometimes becoming unworkable. In this sense, with the 
emergence of BIM, it was possible to simulate not only the modelling but also its construction process. 
The entire BIM process allows greater access to products and constructive operations through the 
integration of information, which inevitably helps to reduce construction costs (Eastman et al., 2011). 
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3 BIM 
 
3.1 Definition and History 
 
 
“...BIM is modelling technology and associated set of processes to produce, communicate, and 
analyse building models.” (Eastman et al., 2011) 
 
 
Technological advances and new creative possibilities presented by the introduction of computers in the 
architectural industry made the end of the 20th century a crucial moment for BIM and its development 
process. Marked by a moment of transformations and new paradigms, Building Information Modelling 
(BIM) emerges as an answer to problems related to the representation techniques previously mentioned, 
such as lack of precision and the demand for data information for construction in a shorter period of 
time. BIM arises as a creative process tool capable of generating the virtual construction of the building 
through a parameterized database and, as a consequence, providing greater control of information and 
representation (Figure 32). 
 
 
 
Figure 32: BIM Virtual Construction 
Source: Vision360, 2015 
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The current BIM methodology is on exponential growth for more than four decades of research and 
development on computer tools for interactive 3D modelling. Figure 33 shows a timeline of the 
development of BIM design application.  
 
Figure 33: Technology and Chronology. 
Source: Wierzbicki, 2011 
 
 
That way, BIM emerges as a tool capable of managing project information such as dimensions, shapes, 
costs, and quick and precise visualization of the project. The methodology has become more and more 
ubiquitous in debates in the field of construction and architecture, especially during the last 20 years, 
playing a fundamental role in the improvement of collaboration and representation methods in 
architecture. Currently, the BIM methodology is considered one of the most promising systematized 
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technologies in the construction industry. When the model generated by an architect is complete, it will 
contain precise geometry and all the properties inserted by the professional, such as type of material, 
reflection, interrelationships between elements and materials, quantitative, etc, which are necessary for 
the design, construction process, manufacturing and all related activities required to carry out the 
construction of the building. 
The essence of the BIM system is the use and articulation of the three-dimensional model to a database 
of information about the project, which is updated whenever the architect makes changes. It allows us 
to control all general information as well as potentially make all interdisciplinary projects compatible. 
This articulation between data and geometry makes it possible to create simulations in virtual reality, 
organizing them to reduce costs, schedules, and execution of buildings and integrate the entire project 
team in a single model, making the exchange of information more concise and accurate. 
The history related to BIM is rich and complex, starting formally in the 1970s, and it involves 
researchers and professionals from different parts of the world, mainly the United States and Europe. At 
that moment, they were working towards the creation of new software that would be able to respond to 
the new demands from the industry to optimize the workflow in comparison to the two-dimensional 
orthographic drawings used until then. 
Engelbart (1962) defines in his paper “Augmenting Human Intellect,” an important vision for the 
architectural future that in some years would become a reality: 
 
 
“Ignoring the representation on display, the architect next begins to enter a series of specifications 
and data—a six-inch slab floor, twelve-inch concrete walls eight feet high within the excavation, and 
so on. When he has finished, the revised scene appears on the screen. A structure is taking shape. He 
examines it, adjusts it, pauses long enough to ask for handbook or catalogue information from the 
clerk at various points, and readjusts accordingly.” (Engelbart, 1962) 
 
 
 
Engelbart (1962) suggested the concept of parametric modelling, the relation of model and database for 
accurate information. The concept of parametric objects is central to understanding BIM and its 
differentiation from traditional 3D objects. The idea of a parametric object represents elements defined 
by parameters and rules that determine the geometry as well as data information. The parameters and 
rules are controlled automatically and updated according to the user's change.  
The BIM technology was impacted by the computational representation that was discussed in the 
previous chapter, specifically the B-Rep and CSG systems. The creative process requires a relation 
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between the designer and the visualization of what the professional is working on. That way, the 
computer helps visualize what is being created in a fast and experimental environment, allowing the 
architect to develop in a less tedious and more interactive process. 
According to Quirk (2012), Charles Eastman, in 1975, created the first conceptual project that 
successfully related the building model to a database. The Building Description System (BDS) was the 
first platform to create library elements that can be retrieved and added to a model. This program used 
a graphical user interface, orthographic and perspective views, and a sortable database that allows the 
user to retrieve information categorically by attributes including material type and supplier. 
According to Eastman, 2D drawings for construction are inefficient, and it is redundant to represent the 
same object at different scales. Eastman concluded that BDS would help reduce the time and cost of 
design. In 1977, Eastman created his next project called GLIDE, Graphical Language for Interactive 
Design, an attempt to organize the commonly needed database features and operations for the design of 
physical systems into a high-level computing environment (Eastman, 1977) (Figure 34). 
 
 
 
 
Figure 34: GLIDE Software by Eastman. 
Source: Archidaily, 2013 
 
 
Leonid Raiz and Gábor Bojár, two prominent programming professionals, emerged in Europe with 
valuable knowledge that resulted in what we know today as BIM. Respectively, they can be considered 
as founders of Revit and ArchiCAD. Gábor Bojár, a physicist, used technology similar to BDS to create 
ArchiCAD, known initially as Radar CH, in Hungary in 1982 (Figure 35). Later ArchiCAD became the 
first BIM software available for professional use on a personal computer.  
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Due to the user-unfriendly interface and usage limitations on a PC, ArchiCAD was not widely used until 
some substantial changes occurred between 2007 and 2011. From that moment, ArchiCAD started to be 
used as a tool for the development of residential and commercial architectural projects in Europe. 
 
 
 
 
Figure 35: Screenshot of Radar CH (later ArchiCAD). 
Source: Archidaily, 2013 
 
 
 
A company called Parametric Technology Corporation (PTC), was founded in 1985, not a long time 
after Graphisoft started to sell RADAR CH and released the first version of Pro/Engineer in 1988. 
Leonid Raiz left PTC and started a software company, with Irwin Jungreis, called Charles River 
Software. Their company aimed to develop an architectural version that could create more complex 
projects than ArchiCAD. In 2000 the company developed the Revit software (Figure 36), which was 
written in C++ and utilized a parametric change engine made possible through object-oriented 
programming. In 2002, Autodesk purchased the company and began to promote the software in direct 
competition with ArchiCAD. 
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Figure 36: Revit 2000 Software Interface by Autodesk. 
Source: Archmaster, 2019 
 
3.2 Object-Oriented 
Object-based parametric modelling represents an element with no fixed geometry and properties. 
According to Eastman et al. (2011), the technology was initially developed in the 1980s for 
manufacturing. However, if we make a parallel with architectural history, the concept of elements that 
have properties without a fixed geometry and are adaptable to different situations begins in ancient times 
with the Hellenistic architectural orders, as explained in chapter two. 
Parametric objects are represented by parameters and rules that create the geometry and determine the 
behaviours of these elements towards other objects. The main advantage of parametric objects is the 
possibility to automatically update the geometry according to the user control. Despite these advantages, 
some authors defend the idea that these objects limit the creative architectural process. For instance, 
Dulaney (2009) argues that hand drawing can never be replaced by a technological process, and if the 
architects choose to use a computer in their workflow, they need to be cautious.  
The adaptability of parametric objects allows modelling of complex geometries, which used to be a hard 
or even impossible process. In general, the BIM software creates these elements as a “family” or a 
“class,” which allows the users in their creative workflow to modify, extend, and also to add new 
elements to these families. These groups of objects enable the designer to create infinite numbers of 
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items with forms and different properties (colours, materials, etc.) that vary depending on the current 
parameters and relationships to other objects. These properties are essential when the designer needs to 
perform an analysis in the project. If the object does not have properties like material characteristics, 
color, etc., the analysis cannot be realized correctly. These object classes are predefined by the system, 
which establishes the interaction between elements, like how a wall will interact with a slab or a door. 
All in all, each office seeks to develop its own library of objects to create a personalized, more fluid, 
and flexible creative process. 
In terms of the creative process, the parametric objects represent a significant evolution from CAD, 
mainly with the recognition that elements can share parameters. This characteristic is extremely relevant 
in the creative workflow, mostly when the designer is trying different solutions that need changes. When 
two or more items share the same parameter, for example, the height of the wall and the slab position 
are defined by the floor level, when a change occurs in the level position, all the elements connected to 
this parameter should update as well. The change propagates according to the parameter connectivity 
among the objects.  
The definition of object classes is a complex undertaking, embedding knowledge about how they should 
behave in different contexts, if their conditions can replace one design feature with another, based on 
the test result or some other condition. These are used in structural detailing, for example, to select the 
desired connection type, depending upon loads and the members being connected. (Eastman et al., 
2011). 
The parametric objects are also directly related to the 2D representation. Each element has properties 
for different types of view, plan, section, and these views representations are also associated with the 
parameters. If, for instance, a wall or a window is placed above the standard section plane, the 
representation will be different than when these elements are being cut by the section plane. The changes 
affect the parametric object not only in 3D representation but also in 2D, which is automatically updated 
when an intervention is made on the model by the user. 
BIM design tools have an important set of parametric capabilities, for example, the possibility to use 
external parameters to control the behaviour of an object, like project location and its thermal conditions.  
The object has support conditions to associate different rules to an object instance. The parametric 
relation can be created using algebraic and trigonometric conditions, extending the possibility to edit an 
object, allowing the designer to create new object possibilities. All the stated characteristics promote a 
powerful opportunity for the creative approach in earlier design phases. Without these parametric 
possibilities, the model generation would be the same as in other 3D modelling software tools, in which 
the elements are non-responsive. It allows the designer to experiment more freely with possibilities in 
one project/model. Designing a complex building that contains a hundred thousand or more objects 
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would not be applicable without a system that allows for adequate automatic design updating, with 
alternatives being generated in close to real-time. In Building Information Modelling design approach, 
instead of creating an instance of a building element like a window or door, the architect, or the BIM 
Manager, first defines a class or family in which a set of information is fixed and parametric, with 
relations and constraints to control the behaviour by which element instances can be generated. The 
geometry of each element varies regarding the situation in which it is placed, the position and the 
interference of other elements. For example, an opening in a wall will interfere in how the wall shape 
will be visualized in 3D and all orthographic views, being the geometry responsive to these new actions 
of the designer.  
 
“The rules can be defined as requirements that the design must satisfy, such as the minimum thickness 
of a wall or concrete covering of rebar, allowing the designer to make changes while the rules check 
and update details to keep the design element satisfying the rules and warning the user if the rules 
cannot be met.” (Eastman et al., 2011) 
 
While in traditional modelling software every characteristic of geometry must be created manually by 
users, the shape and assembly geometry in a parametric modeller automatically adapts to changes in 
context and high-level user controls. In this way, it edits itself, based on the rules used to define it. An 
example of a wall class is shown in Figure 37. The wall’s shape attributes and relations can be seen in 
the picture and it is possible to understand how the wall structure is composed. A wall can be just a 
structural brick element or can be composed of different layers like thermal insulation, façade rendering, 
etc. These layers can have different thicknesses and different materials properties. This example is just 
to explore how the family can vary, being capable of generating many instances to allow the designer 
to create the project in infinite ways.  
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Figure 37: Conceptual Structure of a Wall-object Family 
Source: Eastman et al., 2011 
 
A wall seems simple but requires strong attention when it is created. Its relationship with the floor, other 
walls, doors, windows, beams, columns, and other elements like lighting fixtures, define a wall as a 
complex element. In the architecture field, it is clear how the designer, the architect who will work in 
the creative process, needs to collaborate with the BIM Manager, who will create the BIM Object. 
because it is necessary to understand which demands the design product expects from each object.  It 
also explains why designers may encounter problems with unusual objects and layouts—because they 
are not covered by the built-in rules. For example, if you are not used to working with heritage buildings, 
probably some construction techniques will be hard to represent, demanding time first to understand the 
technique and then to build it in the virtual world. A simple list of standard object families provided by 
BIM software design tools is given in Figure 38. These sets of predefined object families are those that 
can be readily applied to building designs in each system. Currently, with internet communication, it is 
also possible to find a large number of websites that provide objects for implementation in projects, 
mainly furniture or elements created by a specific company. This allows a different approach to the 
architecture design, making the representation more faithful to the architect's imagination. 
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Figure 38: Default Object Families in Most of BIM Applications 
Source: Eastman et al., 2011 
 
3.3 BIM Applications: Revit and ArchiCAD 
3.3.1 BIM Applications 
According to Eastman et al., (2011), the BIM applications can be divided considering a hierarchy: BIM 
Tool, BIM Platform, and BIM Environment. Before talking about Revit and ArchiCAD, it is important 
to understand this hierarchy to formulate the concept of the application, and also classify them. BIM 
tools are the applications that perform a specific outcome, like cost estimation, drawing generation, 
specification, rendering, etc. In general, these tools are often standalone, and it is necessary to export 
the file to work in their system. BIM platform is usually a more complex application, through which 
design and generation of data for different uses are performed. Most such BIM platforms incorporate 
some BIM tools in their functionality, like rendering and quantity take-off. They typically include 
interoperability to multiple other tools with varying levels of integration.  
BIM environments are related to the data management of one or more information pipelines that 
integrate the applications (tools and platforms) and support policies and practices of information within 
an organization (Figure 39). Often the BIM environment is not conceptualized and grows in an ad hoc 
manner according to the firm’s needs. The automatic generation and management of multiple BIM tool 
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datasets is their obvious use. Also, when multiple platforms are used, and thus various data models, 
another level of data management and coordination is required.  
 BIM environments provide the opportunity to carry much broader forms of information than model 
data alone, such as video, images, audio records, emails, and many other types of information used in 
managing a project. (Eastman et al., 2011) 
 
 
 
Figure 39: Schematic Relation Between BIM Application 
 
For the creative architectural process, BIM platforms have enough data capacity to support the operation 
of a design process, like creation, editing, and modification. Usually, considering the powerful 
possibilities of a BIM platform, they are often informally used as a BIM environment, relying on one 
platform to provide all the services and the integration environment for an organization. Platform 
vendors promote this, through their offering of the proverbial “complete solution.” (Eastman et al., 2011) 
Eastman et al. (2011) define some capabilities that describe an application as a design platform. The 
basic functionality of BIM design applications was initiated as a tool and began serving the idea of a 
platform as the uses of BIM were recognized.  
The requirements of a BIM platform have grown in importance as the potential uses of building 
information have increased. Most BIM platforms operate on the Microsoft Windows platform with a 
wide range of interfacing tools; Fewer applications support Apple Macintosh (Eastman et al., 2011). 
The BIM platform needs to have the ability and capability to handle a large project and model at a high 
LOD (level of detail). This capability can be referred to as “scalability”. The tool interface capability is 
also necessary for a BIM platform and means that the tool needs to be able to support an extensive range 
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of data, as properties and geometry, and also offer interoperability with other applications. A 
fundamental characteristic which is also relevant for the creative approach with BIM platform is the 
need to have a vast library of predefined objects that can be used by the designers. The libraries help 
and allow the creative process as a starting point for the transformation of ideas into objects.  
Collaboration among a design team is also essential in a platform. This characteristic system supports a 
group of users designing and editing together in real-time, from a single file. It makes the information 
more integrated among team members. In order to have the right approach in the market, mainly 
considering the variability of possible platforms, it is important to offer interoperability to manage the 
data and share it with other applications when the project needs collaboration from different disciplines, 
like engineering and consultants, which usually use different software tools.  
Regarding interoperability, the IFC file has great importance in the management of information mainly 
for data exchanging among different companies. The IFC file is also essential when the company does 
not want to share the template, families, or other internal information, which are usually inside of a 
native file, allowing data security and, at the same time, the exchange between companies. When the 
architecture office needs to share information with a different company, this ensures the security of the 
data and especially the authorship of the project, as the IFC file does not permit modifications. 
BIM platforms may be used in different forms in the AEC industry, as considering the disciplines, the 
approach can be diverse. It is possible to use BIM for design modelling, representation in orthographic 
views, structural management, analysis (cost, energy, etc.), and data management, construction 
scheduling, etc, as we can see in Figure 40. 
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Figure 40: BIM Life Cycle 
Source: BIMMDA, 2019 
 
 
 
3.3.2 Revit and ArchiCAD 
As we saw previously, Revit and ArchiCAD were two crucial software tools that brought architecture 
professionals closer to the BIM methodology. They are considered pioneers in the diffusion of 
technology and currently have a strong presence and relevance in the AEC market being more than 
design applications to develop modelling and drawings generation. Both BIM design applications also 
have interoperability to other applications, for rendering, energy use analysis, cost estimation, and so 
forth, and can be considered as a BIM platform. They also provide multiuser capabilities that allow 
multiple users to coordinate their work. 
After acquiring the Revit software, Autodesk introduced it to the architecture market in 2002.  Revit has 
interoperability with Windows and Mac operating systems, but in the latter, it is necessary to use the 
Windows Bootcamp plugin to run the application. According to Quirk (2012), Revit revolutionized the 
BIM world by creating a platform that uses an environment to generate parametric families and allows 
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the assignment of a 4th dimensional component (time) in its built model. This enabled construction 
companies to manage their time better and simulate their process and effects.  
 
 
“Revit, as the BIM market leader, has the largest set of associated applications. Some are direct links 
through Revit’s Open API, and others are through IFC or other exchange formats. These are denoted 
(Dir) and (IFC), respectively. DWF is another interface for Revit, denoted (Dwf).”  
(Eastman et al., 2011) 
 
 
 
Revit has interoperability with different file formats, being also able to import models from SketchUp, 
AutoDesSys form•Z®, McNeel Rhinoceros®, Google™ Earth conceptual. This good relationship with 
these different files format creates a good approach for the architecture office because currently, most 
of them use Autodesk platform for their creative design process (Eastman et al., 2011). 
Revit interface, in some way, has an intuitive approach, but, on the other hand, the process to create 
families sometimes can be complicated, as it is not freeform manner or easy to manipulate the 
constraints. 
The software developed by Graphisoft, the ArchiCAD, is the oldest commercial application for the 
architectural BIM design approach. ArchiCAD can work in Mac and Windows platforms without 
installing any plugins. As a platform, ArchiCAD’s user interface is well crafted, with smart cursors, 
drag-over operator hints, and context-sensitive operator menus. It is the model generation, and its loyal 
user base loves how easy it is to use it. In comparison to Revit, ArchiCAD’s drawing generation is 
simpler, and the concept is similar to AutoCAD with CTB. ArchiCAD uses the pen settings to configure 
the drawing representation and also uses layers, which Revit does not have. As a platform, ArchiCAD 
has direct links through GDL and IFC. It is also possible to import SketchUp files, DWG, Rhinoceros, 
and other tools to do rendering visualization like Cinema 4D and Artlantis. For energy use analysis, 
ArchiCAD can also perform it with Graphisoft EcoDesigner (GDL), ARCHi-PHISIK (IFC), RIUSKA 
(IFC), Green Building Studio, Ecotect, EnergyPlus, IES. The process of creating objects in ArchiCAD 
is easier and more objective, being more user friendly and allowing more freedom in the creative 
process.  
Despite  Eastman’s (2011) argument about the dominance of Revit in architecture studios, currently,  
ArchiCAD software is very popular in European architecture offices that work with the creative process, 
mainly because the software offers an easy way to create and edit families, to do drawing generation 
and also because it is not necessary to install any plugin to use it on Mac computers. 
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In order to allow more freedom in the creative approach, both pieces of software have interoperability 
with a plugin for generative design. Since 2016, ArchiCAD started to have a connection with Rhinoceros 
and Grasshopper, which enables architects to enhance the creative process using generative design, 
filling a gap in the design process between conceptual design and Building Information Modelling. This 
unique connection offers tools that go beyond the transfer of bidirectional geometry, allowing complex 
geometric shapes to be converted into complete BIM elements while maintaining algorithmic editing 
functionality. 
Since 2013, it is possible to connect Revit with Dynamo. Dynamo is an open-source tool designed to 
extend the functionality of Autodesk Revit. In the latest versions of Revit, the installation of Dynamo is 
automatic (Figure 41). Essentially, Dynamo and Grasshopper are programming applications that use a 
structure called "visual programming" through which the user can “assemble” their own applications, 
even without any knowledge of programming languages. As a result, generative design can be explored 
in several ways, be it design exploration, interactions with the Revit or ArchiCAD model, or to create 
architectural projects, façades, and other elements from complex rules or external data. 
 
 
 
Figure 41: Dynamo Versions for Revit 
Source: DynamoBIM, 2020 
 
 
 
These plugins, Dynamo for Revit, and Grasshopper for ArchiCAD, allow the designer to generate 
different shape possibilities, mainly the curved and ruled geometries, and also to automate some 
processes. For the use of complex shapes, the generative design enables the architect to explore the 
plasticity of an element without having to lose its technical properties. This means, in practical terms, 
that for the design of curved or other complex shapes, the architect can use the design algorithm to 
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maintain the properties of the element, as in Figure 42 that shows how the use of the Grasshopper made 
it possible to create a wall with curved geometry, maintaining the characteristics of the brick. Figure 43 
shows an example of the use of generative design associated with Dynamo and Revit to explore the 
design of complex structures, such as stadium roofs, in which the geometric characteristics are 
investigated while maintaining the technical properties of the beams. 
 
Figure 42: A Brick Wall on Grasshopper 
Source: Grasshopper, 2018 
 
 
 
 
 
 
Figure 43: Stadium Roof Designed with Dynamo 
Source: Autodesk, 2019 
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Both software programs are relevant in the AEC industry, impacting directly in the creative BIM 
approach. The advantages and limitations of both BIM software will be discussed in the following 
chapters. 
 
 
3.4 BIM and the Creative Process 
Building Information Modelling, while information technology is impacting all the layers of the AEC 
Industry, is considered a new paradigm for the creative process in the architecture field. The idea of the 
integration process in BIM also includes the design approach in the early phases of the project (Motta, 
2013). 
 
“The conceptual structure is a model that contains the information necessary for the building´s 
planning and construction. The model tries to define all aspects of the building in its life cycle, such as 
components, processes, documents, performance, and others.” (Motta, 2013) 
 
In architecture or arts, in general, the creative process is a wide process that starts with a problem or a 
demand from a client and is followed by a collection of ideas and hypotheses to solve the situation. In 
this second step, the imagination and background references will impact and directly influence how the 
architect will interpret the problem resulting in solutions represented in documents or by objects 
(models) to answer the demand. The tool is just a support for the creative process, it is a way to develop 
it, while the ideas are the protagonist factor for a good result. The applications are important to make 
the process more efficient and to answer the architectural language in which the professional fits. 
Considering deconstructivist architects, for example, without technological tools, their work would be 
almost impossible. The applications support the professionals, in general, not just as a way to express 
themselves but also to give them space in the competitive market. 
 
The evolution of technology helps with the process of making decisions and experimenting new 
possibilities, mainly in the generation of diverse knowledge by analysis, organizing information, and 
identifying new shape possibilities in the architectural approach. The chance to explore and define all 
the characteristics of a project in a BIM environment favored the emergence of a collective and 
integrated environment inside the offices. BIM not only allows accurate information and faster 
processes, but also impacted the relationship between people who are now connected and working 
collectively in the same file. 
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The idea of integrating different professionals from different disciplines is changing the relationship 
between people and is creating a more interactive social condition. With BIM, architects and all other 
specialists, are working collaboratively in the same file, “virtually building” the same architectural 
object and creating an understanding of the need for cooperation between professions, breaking with the 
thought that architecture professionals preliminarily develop the architecture project and then engineers 
would solve infrastructure issues. BIM brings the architect closer to the construction techniques again, 
knowledge that was omnipresent in architectural practice before the Renaissance. Currently, to produce 
architecture using BIM methodology, from the creative stage onwards, it is necessary to know the 
construction techniques taking into account the behaviour of the construction elements in the 
construction process, not only the shape as a result of a creative product. This interoperability between 
different roles is essential for the management of data exchange and for the editing and communication 
in a more agile way. 
Considering the creative process, parametric objects are extremely important for freedom at the 
beginning of the project. However, at some point of the design process, the families, or classes of objects, 
are seen as elements that can limit creativity. What needs to be considered is the adaptability and 
possibility of editing their properties and attributes, which can be adjusted to the demands of the designer 
so that the process can be more fluid and optimized, allowing more effective experimentation. The 
characteristics of the variables are established based on parameters and rules so that the objects can be 
adjusted automatically as the user controls or changes the context (Eastman et al., 2011). 
 
The project in BIM has various aspects that can be evaluated since the conception, which allows the 
architect to treat the project as a multidimensional object, considering different scales, from interior 
design to large scale urban projects. The urban project has important issues with BIM, mainly because 
it demands more from the hardware. Usually, the files are heavy, not allowing a fluid process with fast 
and interactive changes.  
BIM presents innovative and significant possibilities in the design process, affecting the way architects 
are creating their concept, representation, and building. As options for the approximation of architecture 
with technology are the possibility of analysing the project since the first phases (performance-based 
design), the most accurate representations, quick visualizations of the model, and mainly the idea of its 
constructivity as a reality.  
 
 
 
“The main change of BIM in the creative process of the design occurs in the way that we can receive 
and analyse the information necessary for the conception. In the documentation of the design, BIM 
brings changes in the generation and management of documentation of the same.” (Motta, 2013) 
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Throughout history, the creative process has been impacted by the social and cultural contexts in which 
the projects have been developed. As previously stated, the Renaissance is a milestone in the 
chronological line of creative processes, especially in regard to the discovery of perspective and the 
possibility to communicate through three-dimensional drawing. Before the Renaissance, the presence 
of the architect on the construction site meant a lot as the formal solutions were made there, on the 
construction site itself. After Renaissance, with theories and tools for the representation of architectural 
imagination and also with the engineering knowledge of the behaviour of materials and structures and 
their tools for calculations, the creative process left the construction site and moved to the drawing 
boards in the offices. Since then, we could plan our projects in extensive detail before construction. 
According to Malard (2003), the design approach is a process of acquisition or production of knowledge 
about the desired object. For Motta (2013), our creative process starts in our reception of the prints of 
the senses, when some images emerge. These images are not symbols of a language, but they are 
sensitive representations of our perception. Then we organize these images in logical groups to explain 
the problem and create a solution.  
The demands for architectural spaces throughout history have also changed. Our spaces, our way of life, 
and social complexity, mainly after the Industrial Revolution, asked for solutions that can support more 
diversity and flexibility, considering the new demand for urban life. These changes directly interfere in 
the conception of projects, which requires us to ponder aspects like costs, thermal comfort, urban 
relation, new materials, and environmental impact, among others. As a result, our built environment is 
extremely complex, technically, and functionally, and its design process is a multidisciplinary task. 
In the creative design process, the designer tries to find the best concept that meets a solution for the 
problem or demand asked by the client. In architecture, the answer is always related to the spatial 
dimension, being it constructed or not, as we can see in Figure 44, in which the architect explores the 
empty, the air as a mass to create spatiality.  
 
 
Figure 44: Sergio Abusa Intervention at Parque Lage, Rio de Janeiro 
Source: Globo, 2015 
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BIM technology facilitates the management of information related to the project throughout its life 
cycle. The process that used to be fragmented, divided among multiple disciplines with each professional 
isolated trying to find a solution, now, thanks to BIM, starts to experiment with a common environment 
where the concept solution can be integrated and clashes minimized. 
According to Succar (2009), there are three BIM maturity stages for BIM implementation in AEC, and 
the term “Pre-BIM” is used to represent status before BIM, the 2D dimensional process (Figure 45). The 
pre-BIM Stage is characterised by 2D document dependence where the collaborative practices are not 
integrated, and the analysis is usually not linked to a document. The 3D is just used for visualization. In 
BIM Stage 1, architects start to use the object-oriented approach in their creative process, but the models 
are not integrated and are generated as single-disciplinary models. At Stage 1, the collaborative process 
is similar to pre-BIM, and there is no relevant interoperability among disciplines and the data exported 
is also basic, limited to simple quantity take-off. BIM Stage 2 starts as a collaborative process among 
disciplines. In this stage, players start to collaborate with players from other disciplines. Although 
communications between BIM players continue to be asynchronous, pre-BIM demarcation lines 
separating roles, disciplines, and life cycle phases start to fade. In the third stage, models are integrated 
and collaboratively shared. This stage allows complex analysis with the integration of complex 
information at the early stages. Now the work starts to be intensively collaborative, around unified and 
sharable data. 
 
 
 
Figure 45: BIM Stages 
Source: BIM Framework, 2013 
 
 
During the creative process, the implementation of BIM solely as a tool for drawing and experimentation 
of new geometries allows the designers to use the BIM tool at its basic stage – BIM Stage 1 (Figure 45). 
However, BIM for the creative approach has the potential to help not just to think about the geometry 
and to produce document representation, but also to collaboratively exchange information and create an 
appropriate and consistent analysis for the construction phase. Ideally, BIM enables the designers to 
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think more precisely about the feasibility, aesthetical and technical properties of their project, making 
the final product a truly collaborative effort. 
BIM will ensure that drawings, documents, and representations are consistent and appropriate for the 
construction. It can also promote collaboration and exchange of information among different disciplines. 
However, despite the advantage of adopting BIM as a tool for drawing and management, BIM must also 
be included in the idea stage to achieve its full potential and help us make efficient processes. Design 
approaches induced by established techniques and the exploration of new shape possibilities are strongly 
influenced by technological knowledge. Thus, BIM has a great potential to participate and contribute to 
the creation stage, mainly allowing the collaboration of specific tools for algorithmic design and 
performance analysis. When used since early design phases, BIM incorporates rules for the modelling 
process, one of the reasons for which it is adopted in architecture competitions. Through BIM, ideas can 
only be represented in the model if the solution is compatible with existing technologies. As a result, the 
public sector may have more control over the possibility of executing projects and their constructability. 
This is because object libraries consider characteristics, properties, and real constructive behaviours, 
giving the architects complete control of their creation process, ensuring that constructing their projects 
is a reality. It is important to emphasize that in order to accomplish this result, the designer needs to 
work with the objects that really represent what they want to model and, if there is any limitation of the 
platform with some geometry behaviour, the use of design algorithms can be an alternative solution to 
geometry. BIM tools, such as Rhinoceros, Grasshopper and Dynamo are possibilities that allow the 
modelling of complex geometries and the insertion of mathematical parameters for behaviour to the 
unusual shape of the design, introducing flexibility to modelling. 
 
 
 
“Flexibility in modelling, insertion of mathematical parameters of behaviour and simulations has 
great potential for use in the conception stage. Flexibility in modelling and mathematical parameters 
allows us to represent several hypotheses for our needs. Simulations will enable us to test these. We 
must consider both the established technologies, as research of technological innovations. In our view, 
this approach is fundamental for better buildings”. (Motta, 2013) 
 
 
 
In general, so as to use BIM technology in the initial stages of architectural design, architectural 
designers need to understand the concepts of BIM in its broadest sense. That way, professionals will not 
use it only as a platform that can generate drawings automatically, which would represent a failure to 
take advantage of BIM's potential. An issue that is commonly discussed in debates about the creative 
process and BIM concerns the use of BIM in the teaching of design in architecture schools and how 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 60 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
BIM can positively and negatively affect immature students. The question posed is that BIM could affect 
some processes of learning and think about architectural space. In some cases, students may have 
problems to understand which spatiality they are proposing, mainly because they can conveniently 
generate drawings automatically without any further reflection on this process (Knoll & Hechinger, 
2003).  
 
Hand drawing is probably still the first contact of architects with their imagination, mainly because of 
the freedom inherent in drawing with the use of the pen. Likewise, analogue can still be one of the most 
fluid ways to explore hypotheses for architectural solutions. One of the issues that architects point out, 
and that we will address in the next chapters, is that one of the characteristics that need to be improved 
on platforms is how BIM could potentially be connected to a hand-drawn tool resulting in greater 
freedom of design in the initial phases of the project. 
 
 
 
3.5 Advantages and Limitations of BIM during the Creative Process 
The implementation of BIM during the architectural design process brought the construction industry a 
new way of thinking about the production of architectural spaces. As a new process, which requires time 
for its users to understand the new platforms and workflow, it is necessary that the professional is aware 
of the methodology's operation in its entirety so that they can explore the potential in different fields and 
minimize the limitations. This new way of conceiving and designing has significantly impacted the 
architects' creative process, who are considering important aspects regarding the positive and negative 
impacts of using BIM in their projects. As themes directly influenced by this new process, we can 
mention representation, visualization, analysis, experimentation, and collaboration (Eastman et al., 
2011). 
Workflow optimization is one of the main advantages of the creative process, which integrates all the 
previous items, compared to the traditional fragmented method. With the automation of work processes 
and the integration of the phases and the teamwork, BIM allows more accurate information exchange, a 
more integrated team operation, not to mention fewer losses of data (knowledge about the designed 
object) between individual stages of the project (Figure 46). In the diagram depicted in Figure 46, the 
stated benefits are conceptually explained, with a comparison between the BIM workflow and the 
traditional process, how the loss of data can be impacted by the methodology used. 
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Figure 46: BIM Curve 
 
 
In addition to optimizing the workflow, the BIM Curve shows how the fragmented process and the 
transmission of information by printed documents, limits and causes loss of data compared to the 
integrated BIM process, in which information and knowledge are stored in a database. 
With BIM, added efforts at the beginning of the project give the designer the possibility of greater 
control of this information and a higher chance of experimentation and anticipation of design decisions 
and events that could only be identified at the stage of execution. This would imply a higher cost to 
solve the problem since, in the later phases of the execution phase, decisions are already more 
consolidated and already integrated with other disciplines. A change in this situation would impact not 
only the architectural design but all related disciplines. The graph known as the MacLeamy curve 
illustrates the value of information in the design process and the impact that decisions have on project 
development. The preliminary BIM design has a lower cost but a great ability to impact the performance 
of the project (Figure 47). 
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Figure 47: MacLeamy Curve Graph 
Source: Innovaaxis, 2014 
 
In the design phase, BIM allows representations to be more precise and accurate, automatically updated 
with each new design information. The production of these drawings in a systematic way significantly 
reduces the time required for their creation. As the production of these drawings is connected to the 
graphic properties of the objects used, each update of the object, whether in a plan, in 3D, or any other 
view, will automatically update the information of the graphic views in global ways. The rapid 
production of 3D images is one of the advantages that facilitate not only the design process and the 
development of the most accurate solution, but also better communication with customers who, in 
general, do not know the architectural graphic language. This artifice allows common people to 
understand more directly what is represented in the project. 
BIM methodology allows simultaneous work by multiple professionals from various disciplines. Even 
though collaboration among different disciplines is also possible in CAD, the 2D possibility demands 
more time and make it more difficult to control the data interoperability (Eastman et al., 2011). As we 
have already discussed in the topic about the BIM creative process, this collaborative process also 
improves human relations in the office. Previously, when each person worked separately on their files, 
they remained distant even though they shared the same environment. With the collaborative process, 
in addition to working on the same file, they share the feeling of building something together, which 
reinforces the spirit of collectivism in the workspace. 
When it comes to the current the demand for a discussion on sustainability in architectural projects, in 
this case, sustainability in its broadest sense (economically, socially and environmentally), the 
63                                                                  Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
possibilities of using BIM tools to analyse buildings, allows a better assessment of thermal performance 
and energy use of buildings, as well as their costs. 
In a simplified way, we can list the advantages of BIM in the architectural design process as follows: 
- An efficient way to produce specific documents; 
- Rapid and direct data exchange; 
- Automation of workflows; 
- Compilation of relevant information; 
- Integration of production and document management processes that result in savings in 
administrative efforts; 
- Simplifying the collection of information produced in previous projects or from external 
information sources; 
- Creation of favourable conditions for the simultaneous performance of the work of several 
designers, resulting in shorter deadlines for the development of projects; 
- Elimination of repeated data entry, avoiding associated errors; 
- Reduction of redundant efforts related to the repetition of design tasks and the verification of 
the elaborated specifications; 
- Productivity increase due to faster and noise-free information sharing; 
- Simplification of the introduction of modifications in projects; 
- Improvement of interdisciplinary cooperation (Eastman et al., 2011) 
 
BIM continues to be a growing technology in the field of architecture, which may mean for some both 
risks and responsibilities. That said, construction professionals are still gaining experience and 
knowledge to develop their skills on the platform. 
When there are changes in work processes and routines, there are always risks and difficulties 
associated. Just as in the transition from hand drawing to CAD, BIM has also been facing situations that 
can be seen as limiting to the process. One of the issues that emerged is the need for financial investment 
in more powerful hardware that can support new software and also in the purchase of licenses. For small 
architectural studios, this is seen as a limiting factor for implementation. There may also be some 
resistance to understanding the new workflow. As in CAD, some architects list BIM as a limiter of 
creativity, mainly because of the limited library of objects and also due to the conceptual confusion of 
relating the BIM parametric object to the AutoCAD block. The AutoCAD blocks are static objects 
whereas BIM parametric objects are dynamic and can be edited to adapt to different design demands. 
However, in some cases, depending on how the object's "family" is built, some rules and constraints 
make editing difficult. One of these difficulties is due to the fact that suppliers are not yet fully adapted 
to BIM, making the specification of some objects impaired in the project. The moment of transition 
between these tools implies insecurity in the sense of not having other collaborators who work with this 
BIM environment, and mainly because of demands for training to improve the knowledge of the team. 
It is necessary to train professionals in the construction industry so that they know how to take advantage 
of the capabilities of BIM and apply them to constructive practice through new methods. As far as the 
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conceptual process of architecture is concerned, tools that can combine freehand sketches are still 
lacking in the workflow, especially something that can translate the potential of drawing with a pen. 
Despite the limitations, this implementation in the creative process represents, in most cases, a 
considerable cost reduction in the entire process. For this reason, there has been a significant increase 
in the number of companies that use BIM software and the increasingly frequent requests from the public 
authorities for BIM projects to be accepted for construction. 
Although BIM has its disadvantages, it is increasingly becoming the central technology in the AEC 
industry. The more the BIM model is used, and the more information is introduced during the life cycle 
of a project, the more benefits can be taken advantage of, increasing the potential of the technology and 
pressing for the advantages in each area of the project (Eastman et al., 2011). 
 
3.6 Next Steps for BIM 
With the increasingly rapid development of BIM, models start to be applied every day in more ways by 
architecture offices, allowing new ways to explore the relationship between the designer and the design 
of the space. Two tools will be explicitly addressed in this topic, as essential tools that associate the 
future of BIM and the spatial representation: Virtual Reality (VR) and Augmented Reality (AR). 
 
 
“Virtual reality is the next natural step for BIM.” (Brouchoud, 2014) 
 
 
 
There is a set of definitions of virtual reality, and all refer to an immersive and interactive experience 
that is based on computer-generated 3D graphic images in real-time. More directly, it is a simulation of 
a real-world through visualization by technological equipment. 
Although the concept of virtual reality has existed for approximately forty years, it has only been gaining 
space in the design process recently. The use of sophisticated technological equipment, with a high price, 
has been one of the factors that have limited implementation over the years, however, due to the 
popularization of technologies and the greater competitiveness among manufacturers, the spread of this 
process has become more viable within the routine of offices (Rodrigues & Porto, 2013). 
For some authors, virtual reality is the specific moment for interactivity between humans and machines, 
projection, and reality, in order to exchange information. 
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“Virtual Reality is the place where humans and computers make contact”. (Machado, 1995) 
 
For the tool to have its due impact, the quality of the material is essential for a good experience and use 
of VR. The quality of the product must stimulate the observers to react as if they were really witnessing 
that environment in a way that their movements are reactive in the visualization of space. The idea of 
immersion in the environment allows the user to experience the virtual space, and, for that, the devices 
must be configured to enable the manipulation and exploration of the scenes (Rodrigues & Porto, 2013). 
The equipment must be able to detect the user's movements and activities in real-time, so that the 
interactions between the real world and the virtual world can be established, also the user must be able 
to experience interactivity with sounds, such as birds. Regarding equipment, Head-Mounted Display 
(HMD) is one of the most popular VR interface devices because it is the device that most disconnects 
the user from the real world (Figure 48). The HMD is basically formed by two small TV screens and a 
set of special lenses which helps the user to focus on images that are millimeters from their eyes. They 
also help to enlarge the visual field of the video. 
Also, HMDs function as a data entry device, as it contains tracking sensors that measure the orientation 
and position of the head, transmitting this data to the computer. 
 
 
Figure 48: The Head-Mounted Display 
Source: Digital Cortex, 2019 
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Virtual reality is not limited to the field of architecture and construction, it is also used for games or 
even in medicine, for monitoring virtual surgery, for example. (Rodrigues & Porto, 2013) 
In architecture, specifically in the design phases, virtual reality can be used for a more dynamic contact 
in the presentation to the client, breaking the limits of the rendered static image and giving the user a 
new type of experience and approach to the project. In this way, the client can interact with the projection 
of their space that is being worked on by the architects in a more fluid way. It is also possible to use 
virtual reality for meetings, mainly to explain specific details that can be clearer with the experience of 
the space (Figure 49). 
 
“The client used the virtual model as part of their schematic design development process to get a 
sense of how space was shaping up, the relationships between different rooms, and the views to the 
adjacent river and lakes.” (Brouchoud, 2014) 
 
When models are presented in an immersive way, customers can have an approximate simulation of 
their new project, as mentioned in the previous quote. This can become a unique service opportunity for 
an architecture studio. 
 
 
 
Figure 49: VR Used for a Meeting 
Source: Tebin, 2019 
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The BIM model can be linked to the progress of VR technologies, mainly due to the team's intense 
relationship with the model, now allowing the immersion in the project to take on another dimension. 
This dimension connects BIM designers to experience with their creations even before their 
construction, allowing an improvement of their design intentions. This immersion, which links the 
virtual world to the BIM software, enables an approximation of virtual realism while the architects 
develop their project (Brouchoud, 2014). 
An advantage in using VR is that it can be processed at different levels of detail (LOD), so that a designer 
in the initial phase of a project could have an immersive experience in a non-photorealistic room just to 
get a feel for its spatial relationships. Alternatively, the experience could be realistic so that a VR video 
could have soft sunlight coming in through a window, or with sounds, for example. 
Although the visualization and immersion by VR are quite intense, allowing visual and sound relations, 
the sensation still does not fully correspond to the total reality, it takes much effort to compare it to the 
real world, VR is just a more dynamic approach. This is because we feel and see the real world 
differently, especially regarding the properties of materials. (Brouchoud, 2014) 
Augmented Reality (AR) is a new tool that is in full evolution, and that consists of combining the real 
world with data generated by a computer. As a technology with a wide field of development, there are 
some applications linked to the visualization of architecture, for example, 3D models generated by 
software interacting in real space and time (Pastorelli, 2008). 
Augmented reality can connect BIM models to portable devices such as cell phones or tablets, making 
it more easily applicable in an office. The use of augmented reality is also common in games, mainly 
for the use of cell phones as a platform to explore this technology and its popularity. Currently, with the 
use of coordinates from a GPS, it is possible to synchronize a BIM model and enable visualization of 
the model on the ground, from a particular location, as a virtual guided tour of the future of the project. 
From this possibility of using augmented reality with GPS coordinates, this equipment may also be used 
in the construction phase, allowing the professional to have the exact apprehension and position of the 
object to be built (Figure 50). 
For the early architectural phase, augmented reality directly allows the contact of the client with the 
experience of understanding the project in a more friendly way. The experience using augmented reality 
is quite different compared to virtual reality. In virtual reality, the user is immersed in the project, is 
inside the project, VR creates an environment where the human can experience the space. In augmented 
reality, the human is outside the project, the users can control where and what they want to see. 
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Figure 50: AR Through Tablet on Construction Site 
Source: Vinci, 2019 
 
Currently, augmented reality begins to assume the role those physical models played in the creative 
process and contact with the client in the past. The possibility of presenting a three-dimensional model 
integrated with the real world, through which the client and the architect can see the project from all 
angles and anywhere using devices such as tablets and smartphones, makes the process and the contact 
faster and more dynamic (Figure 51). 
 
Figure 51: London Masterplan Augmented Reality 
Source: Unique, 2015 
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This way, it is possible to reduce time and costs with the elaboration of a physical model, update the 
modifications quickly, and visualize them whenever the conceptual project evolves and even view 
details inside the model. For the creative process, this tool becomes relevant due to the possibility for 
the architect to allocate more time to the creative process, to explore more ideas instead of making a 
physical model. 
In large and complex projects, like urban projects, augmented reality can be an excellent artifice to be 
explored by designers, especially concerning the construction of such a physical model. Augmented 
reality can allow both the designer and the client to experience different visualizations of different 
solutions in a more consistent way since the visualization is linked to the BIM model. 
For the creative design phase, these two technologies presented can further enable the creative process 
in the architectural design. The architect could approach a new dimension, a more dynamic aspect, and 
create an experience that can affect changes in the design at an earlier stage. The design team now has 
a chance to discuss the design while trying it out, to make the design process more complete. The client's 
opportunity to experience this new dimension, as previously mentioned, also directly affects the design 
process, because new demands for changes may come from reading the project more closely to their 
real experience.   
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4 SURVEY REPORT AND CASE STUDY 
The case study and the survey aim to understand, in a practical way, how the theoretical approach to 
BIM has been applied to the role of architects, mainly during the early design phases. For a better and 
broader analysis, a survey and a case study were chosen. The first approach, the macro scale, is a survey 
report that seeks to understand how the application of BIM to the design process has been experienced 
in different countries. The goal of the survey is to figure out the approach to BIM technology 
implementation from the point of view of the practitioner – then the case study will be used to analyse  
a specific case of the technology implementation. The platforms used, the problems, and mainly the 
advantages found in the use of the methodology allowed us to explore different perspectives on the 
methodology and understand if the approach can change or how it is impacting their routines considering 
different conditions.  
The case study, the approach in the individual scale, aims to analyse the current situation in small offices 
considering individual practices. It is the experimental application of BIM methodology, specifically by 
creating a conceptual project for a house for pandemic conditions. In this case study, the author will 
experiment with the BIM stage level 1, applying the BIM workflow and testing the designs and 
representation tools, and also interoperability with rendering software.  
 
4.1 Approach to Architecture Offices – Survey Report 
Currently, BIM technology is being implemented in many countries around the world. In order to 
understand more broadly how BIM methodology is applied to the creative processes in architecture 
offices, an online survey was created seeking to gather information regarding how the BIM methodology 
impacts the creative process. Therefore, the prime focus was to address architects and designers who 
perform the creation process in architectural studios.  
The survey, entitled "BIM for Creative Design Approach", was carried out through a 100% digital 
process, through the Google Forms platform, which allowed contact with various offices in different 
countries. The survey consisted of nine multiple-choice questions and two open questions, in which 
architects could comment on what they thought could improve performance in BIM during the early 
stages. In total, the survey has eleven questions that were strategically designed to be answered quickly 
and cover as much collaboration as possible. The survey was available from the 24th of April 2020 to 
the 5th of June 2020.  
In this research, the multiple case methodology was adopted, the most convincing and reliable type, 
according to Yin (2014). The use of multiple cases must follow a logic of replication, the higher number 
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of responses, the more significant effect the research has. In summary, the justification for various 
instances derives directly from his understanding of literal and theoretical repetitions. 
The questions that guided the research in each office allowed to identify how BIM is directly interfering 
in the workflow of architectural proposals, the difficulties encountered by the offices, the changes in the 
design process, and the advantages that directly impacted the dynamics of the companies during the 
initial stages of creation. The survey also made it possible to assess which software is being most adopted 
(among the companies that participated), how the offices evaluate it, whether they are exploring all the 
possibilities that BIM offers, and also if they are using, besides BIM, other tools to complement their 
creative process. In Figure 52, it is possible to see the topics covered in the survey disseminated to the 
offices and the corresponding questions. Each question will be addressed throughout this sub-chapter, 
and its results will be exposed through graphics and text. The complete original survey is presented in 
Annex A. 
 
 
Figure 52: Survey Questions 
 
A total of 130 architecture offices from 18 different countries were contacted, with completed survey 
forms returned by 36 offices from 12 different countries (response rate of 28 %). The offices that 
responded to the survey are from the following countries: Australia (1), Brazil (21), Netherlands (1), 
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Mexico (1), Portugal (4), England (1), Slovenia (2), Argentina (1), Russia (1), France (1), the United 
States of America (1) and Italy (1), totalling 12 different countries. For the research, the diversity of 
countries and contexts is an important factor for the reaffirmation of BIM as a global and plural 
methodology, being used in different cultural and economic contexts. The confrontation of these 
different realities of the countries based on the uniformity of the questions will allow an understanding 
of how BIM can adapt, if it can, to different technological realities and construction techniques. 
The companies that collaborated with the research are of different scales, from small offices with three 
architects to larger offices with more than 80 employees (Figure 53). This factor is important to realize 
how some questions were evaluated by these companies, mainly the impact on employees and the 
limitations related to the acquisition of new technologies. 
 
 
Figure 53: Percentage of Employees in Offices 
 
 
A Database containing all the information received from companies was created to understand how BIM 
is being applied in the creative process and what the most common issues in this process are (Figure 
54). With this database, it was possible to interpolate the results for more specific conclusions. 
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Figure 54: Survey DataBase 
 
The first question was a “Yes” or “No” question, related to the BIM Life Cycle, specifically about the 
use of BIM during the design stages by the architects, mainly the early phases. The question aims to 
understand whether the participating offices have applied BIM since the beginning of the design process. 
According to the answers, 29 offices already use BIM for the design phases, which represents 80.6% of 
all offices that participated in the survey (Figure 55).  This percentage of the tool's use in the initial 
phases is significant in contrast to criticisms of BIM as a tool that does not favor the creative freedom 
of architectural professionals. This result shows how the market is managing to adapt to this new 
technological possibility. It shows that most participants can deal well with the issue of creative freedom, 
essential for the initial phases associated with the BIM methodology. 
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Figure 55: Offices that use BIM for Design Phases 
 
 
 
The second question is related to the first, and both are associated with the creation process. The second 
question, also a "Yes" or "No" question, asks whether the designers felt limited while developing their 
creations, especially in respect to the formal freedom of the proposals. 66.7% of architects do not feel 
their shape grammar is limited by the use of BIM applications (Figure 56).  However, 33.3% of 
respondents felt their processes were limited in some way. This result may be linked to a low level of 
maturity associated with BIM tools and the processes applied. Once again, from the result exposed, most 
designers are positively managing to deal with the formal challenges of architecture in BIM. In the 
research, the architectural style developed by the office (e.g., deconstructivist, minimalist) was not 
surveyed. 
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Figure 56: BIM Limits the Grammar Shape 
 
The topic about the BIM platforms was explored in the third question, which asked about the principal 
software used by each office. In this question, the architect could choose between some predefined 
options or even add a new BIM platform if the one they used was not in the form.  
Even though 36 offices have participated in the survey, one of them works with two software tools, so 
there were 37 votes on question three. Interestingly, the result showed a balance between the two main 
platforms on the market, Revit and ArchiCAD, adding 51.35% for Revit and 48.64% for ArchiCAD 
(Figure 57). It is important to note that the result only takes into account the offices interviewed and 
does not necessarily reflect the market reality, but rather the reality within the samples carried out during 
the research. Parallel to the previous question, which addressed the issue of limiting architectural shapes 
with the use of BIM during the initial phases of the project, among 33.3% of the architects who 
responded feeling limited by technology in the creative stage, 66.7% use Revit as a platform for their 
work (Figure 58). This number can probably be related to the easiness of creating new parametric objects 
within ArchiCAD, and also the interface and relationship with layers that the Graphisoft program offers. 
Another factor that can be considered in this result is the interoperability of ArchiCAD with shape 
exploration tools popular in the market, such as Rhinoceros and Grasshopper. 
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Figure 57: Overall Users Related to the BIM Platforms 
 
 
Figure 58: Percentage of Users Limited According to the Software 
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Regarding the geographical distribution of the users of BIM platforms, we can gather some important 
information from the survey data. Although the general comparison between the software users is quite 
balanced, when compared in relation to geographic location, the contrast starts to be significant. Revit 
appears in most countries, in a total of 10 countries, while ArchiCAD is cited by companies from 4 
countries. In Brazil, the country that had the most significant number of respondents in the survey, more 
than 60% of architects use ArchiCAD as a platform (Figure 59). 
 
 
Figure 59: Geographical Comparison According to BIM Platform 
 
The question related to the project team aims to understand what the effects on the composition of the 
team and on the human interaction among professionals were. With the new challenges generated by 
BIM, in addition to the demand for professionals with more knowledge about construction techniques, 
the methodology also motivates the presence of a new function in the offices, the BIM Manager, or BIM 
Coordinator. The new reality of integrated workflow, with professionals working collaboratively, 
brought a new reality of human interaction into the offices. In 66.7% of the offices, totalling 24 
companies, changes in the composition of the team were observed due to the implementation of BIM.  
In the fifth question, related to the main advantages of using the tool in the early stages of design, the 
architect was confronted, according to Eastman et al. (2011) with the main benefits of using BIM: 
reduced costs, earlier 3D accurate design visualization, faster process, more consistent information, 
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improvement of design analysis, better interoperability with other disciplines, and BID process. In this 
question, the interviewers were free to classify, within a scale of 1 to 5 (Very Low, Low, Average, High, 
and Very High), the relevance of these advantages of using the tool during the creative process. Among 
the results, two items stood out. According to the answers, the possibility of more accurate 3D 
visualizations in the initial phases and the more consistent information were classified as the most 
important reasons for choosing BIM in the initial design phases, classified by the vast majority of 
architects as "High" and " Very High ". 
In the item "Earlier 3D Accurate Design Visualization", the High (17 votes) and Very High (14 votes) 
ratings together amount to 31 offices, which represents 86.1% of relevance in the new workflow of 
architecture market. In the item "More Consistent Information", the votes for High (14 votes) and Very 
High (19 votes) ratings together amount to 33 votes, representing a relevance of 91.65% (Figure 60 and 
Figure 61). The overall answers to these questions are presented in Figure 62. 
 
 
 
 
Figure 60: Earlier 3D Visualization Percentage Result 
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Figure 61: Consistent Information Percentage Result 
At the beginning of the architectural project, the possibility of shape experimentation and a consequent 
rapid visualization of the object give the architect agility and efficiency in the result. BIM introduces 
the possibility of designing in different dimensions at the same time and experiencing its visualization, 
which makes the process more didactic and also more dynamic, and the architects can make decisions 
based on more accurate visualizations of their imagination. The prospect of generating infinite views, 
whether 3D or orthographic, gives the architect total control of the situation. This advantage, associated 
with more accurate information, which is automatically updated in all views of the project, enhances the 
architect's creative process and especially their communication with the client. These were probably the 
reasons why these two advantages of BIM were the most classified by designers at the highest level, 
considering the main benefits of BIM for architecture. 
 
Figure 62: Overall Result for the Question About Advantages 
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An important point that BIM allows in the creation phases is the analysis as a support for project 
decisions. Currently, BIM platforms have interoperability with several plugins and BIM tools for this 
purpose. As we saw in the sub-chapter about the advantages and disadvantages of using BIM during the 
creative process, precise decisions made at the beginning of the design phase have a significant impact 
on the costs and performance of the project in general. The question about the use of BIM as an analysis 
tool in this process probed the use of this possibility by companies during the creative phase. The types 
of analyses present in the question were the most common and relevant to the design process: cost, 
thermal comfort, energy efficiency, and lighting. The result shows that most offices still do not explore 
BIM as a platform that supports analysis during the initial phase. None of the analyses cited in this 
question were used by most participants (Figure 63). These data reveal that, despite the increasing 
dissemination of the BIM methodology, there is still a specific limitation in the designer's understanding 
of the tool's potential, mainly in how the use of BIM for more precise analyses can make the creative 
process more efficient. This information exposes how the architecture offices still do not utilize BIM to 
its full potential when it comes to performance evaluation. A reason for such a situation could also be 
that they do not have enough knowledge about it. 
 
 
Figure 63: Survey Data Result About BIM Analysis. 
 
Another topic covered in the research was how architects assessed certain factors as possible limitations 
for the application of the BIM process in offices. As in any change process, some points are important 
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and relevant for offices to adapt to this new workflow. The factors that were assessed by the question 
were as follows: costs of investment in hardware and software, library objects, understanding of the new 
workflow approach, the team training process, and the use of 2D paper-based by most other companies. 
The designers were able to evaluate these items considering a scale of 1 to 5, corresponding respectively 
to the following classification: Very Low, Low, Medium, High, and Very High. The overall result of 
the question can be seen in Figure 64, in which two factors stand out: costs of investment in hardware 
and software and understanding the new workflow approach. 
 
 
Figure 64: Overall Result for the Question about BIM Limitations 
 
Summing up the votes related to the limiting factors, considering the category of evaluation average, 
High and Very High, the following result shows how investments in equipment and the understanding 
of the new workflow were considered limitations, and that they can harm the process of implementation 
of BIM in architecture offices. The results were: Equipment Investment (30 votes), Object Library (22 
votes), Understanding the new workflow (32 votes), Team Training (29 votes), and 2D utilization by 
other companies (20 votes). In Figures 65 and 66, it is possible to see the specific percentage of how the 
items were classified by the architects according to their limiting potential. 
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Figure 65: Survey Data Result About Cost Investment in BIM 
 
 
Figure 66: Survey Data Result About BIM Workflow 
 
One reason that can be relevant for analysing and understanding the data exposed in Figures 65 and 66 
is the company size, already exposed in Figure 53.  
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Most of the companies that participated in the survey can be considered small-scale offices, with a 
maximum of 10 employees. The investment in hardware and software as a limiting factor for the 
implementation of BIM can be directly related to the scale of the offices because, in general, the smaller 
offices, 69.4% of the offices that answered the survey, have little cash on hand and avoid risky 
investments, although BIM is becoming increasingly popular in architecture. The demand for more 
powerful computers and the acquisition of new software licenses often make it a problematic possibility 
for offices that are just starting or do not have market stability yet. 
Considering the issues discussed in the question that addressed the limitations of BIM, a question was 
subsequently asked to find out what other tools, in addition to BIM, are being used by the teams to assist 
them during the creative phases. As BIM is still at this moment of transition in the market, many offices 
use other tools as a justification for greater freedom in the transition from the architect's imagination to 
the project. In this question, designers could select one or more options, according to their work process, 
if they use tools besides BIM. In the question (Figure 67), there were some pre-defined options that are 
popular in the field of architecture, such as hand drawing, physical model, SketchUp, AutoCAD, 
Rhinoceros, and 3DMax, but the architect also could insert other tools if they used them. The vast 
majority of professionals, 83.3% (30 votes), said that, in addition to BIM, they still use hand drawing as 
a tool for creative exploration in the creative process phases. The second most voted tool, with 15 votes, 
were the physical models, followed by AutoCAD with 14 votes. 
 
Figure 67: Overall result for the question about traditional tools 
 
The fact that the offices still use other tools such as CAD and the physical model shows that there is still 
a specific limitation to understand how BIM can explore these different dimensions. In the last two 
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questions architects were free to quote final considerations and expose what they thought needed 
improvement in BIM. In these questions, as they are open questions, there are no data in the form of a 
percentage. The vast majority widely commented on two points: the cost of implementation, justifying 
the result exposed in Figure 65, and tools that allow greater formal freedom. The most representative 
comments from some companies on these points were selected and are shown below. All other 
comments are included in Annex B. 
 
''Talking about Revit, a hands-free tool looking like Sketchup would facilitate the design process. 
That is one of the main problems with the early stages in the design approach phase. Those would 
be particularly useful in the design process stage.'' (Architecture office from Brazil) 
 
''Lower acquisition cost. better handling.'' (Architecture office from Portugal) 
 
'' Easiness in developing shapes Less complexity in creating the elements Better compatibility 
between software.'' (Architecture office from Brazil) 
 
''Shape Flexibility.'' (Architecture office from France) 
 
''The cost is the biggest issue'' (Architecture office from Brazil) 
 
''The possibility to create more free form'' (Architecture office from Italy) 
 
To sum up the information gathered through the survey of the offices, we can point out that most of 
them already use BIM for the creative process of the projects, which represents a significant advance in 
the implementation of the methodology. However, the offices still face some limitations in the 
workflow, such as lack of adequate information about BIM. In general, it is perceived that the cost still 
represents a limitation for the implementation, and there is some resistance to the use of BIM in the 
initial phases mainly to carry out design analyses; the architects are not exploring all the potentialities 
of BIM yet. Moreover, for the participating offices, hand sketching still functions as a necessary tool to 
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incorporate ideas into the digital dimension, and that allows greater freedom for the first contact with 
the project. 
 
4.2 Ephemeral House – A house for a pandemic world 
The main outcomes of the survey showed that most companies that are applying BIM for their design 
process are small companies; therefore, a case study in a similar situation was the option chosen in order 
to better understand their design process. 
The option to operate on a small-scale architectural project aims to understand how the BIM workflow 
is affecting the design phase in small architecture offices. This case study will approach how the 
possibilities that the BIM environment can provide to the designers affect their creative process and, 
more importantly, observe how BIM can be an efficient tool, with its advantages and limitations of the 
workflow. 
In the project for the ephemeral house, a hypothetical client was considered, with demand for a home 
up to 100m² built and mainly with flexibility in the spatial organization, located in the Northern region 
of Portugal, on a 27 x 30m plot. 
According to Succar (2008), the BIM maturity level for this project was stage 1, considering that the 
architect was working alone, without the collaboration of other professionals and disciplines. Despite 
this level of maturity, as we will see later, the use of performance analysis was tested, not only modelling 
and graphical representation in BIM but also solar and basic data export analysis. 
The concept for the ephemeral house project was based on the client's central premise: flexibility. The 
house explores the limits of what it means to live in contemporary times, considering the different 
current issues and especially the different conformations of groups that can be related to the word 
"family”. 
Within the client's need for a space that can be flexible, the architect seeks to explore how space can be 
thought according to its basic conformations, considering the rooms from two interpretations: potentially 
static rooms and fluid rooms. The group of static rooms consists of the areas where fixed installations 
are necessary, such as kitchen and bathroom, due to the MEP installations. The other areas are 
characterized as fluid since they are areas that do not depend on fixed installations. 
It is important to note that the project, within the hypothetical context, is free to explore concepts not 
yet frequent in the real estate market, characterized as a home to explore new ideas about housing, 
mainly in the current world pandemic scenario and the new ones established with the environment. 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 86 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
Within this proposal, the project appropriates some concepts such as freedom, integration, and 
standardization of architecture. 
In the contemporary world, information changes every minute, and society has been impacted by these 
issues all the time, and consequently, so have our housing spaces. A contemporary house that answers 
these questions cannot be static; this habitat needs to adapt to these new questions. 
Considering these arguments, the project begins with the definition of a three-dimensional grid, with a 
dimension of 3m, aiming to answer the economic demands and adaptation to industrial processes. 
The grid associated with the program's spatial organization, in static and fluid spaces, begins to shape 
the project. The first conception, as a translation of the imagination into drawing, was made by hand 
sketches. The manual step was limited to that part, then the whole process was performed digitally, as 
we can see in the workflow in Figure 68. The initial drawings were important for defining the modulation 
and the spatial structure of the project. They can be found in Figure 69. 
 
 
 
Figure 68: Ephemeral House Workflow 
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Figure 69: Conceptual Sketch 
 
The idea of overlapping the grid with the spatial organization created a perimeter around the house, 
forming leisure areas and embracing the main volumetry. The main volume is divided vertically into 
two parts: a solid mass at the base and a lighter volume at the top. Aesthetically, the volume is shaped 
like a cube with 9m sides, and the idea is to instigate the critical thinking of the contemporary house as 
a space that needs to "be outside the box" of conventional thinking. 
The result of this investigation is a more fluid internal organization, with only the kitchen and bathroom 
area being determined. The bedrooms and living room are shaped like boxes that "vibrate" in space and 
can be moved freely according to the user's needs, bringing dynamics to the house. 
This way, the user has the freedom and flexibility to move the bedrooms around the internal space of 
the house, adapting different issues, such as isolation of one of the residents for health reasons, or 
thermal issues, being able to position the rooms closer together to the façade or not, according to the 
external climate conditions and occupants preferences. 
For the quarantine routine, this possibility gives the resident the chance to move flexible spaces and to 
have a "different house" each day (Figure 70) making the relationship with the environment more 
dynamic and less monotonous, being able to adapt to different and new contemporary issues, relating to 
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the house as a space of experience and creation of new habits. This possibility allows the users to have 
a different view every day from their bedrooms. 
 
 
Figure 70: Flexible Spaces 
 
To start the BIM model in ArchiCAD 22, the conceptual sketches in which the grid was defined were 
used as a reference. Very quickly, the project began to take shape; the first information inserted in the 
ArchiCAD file were the levels and the design of the plot, using the “Mesh” tool. After defining these 
elements, architectural features began to be projected, such as walls, floors, doors, and the insertion of 
basic furniture, such as chairs and tables. At that moment, it was possible to start to verify the presented 
solution and also to start testing the graphic representation of the elements. As it is a design stage, the 
architect used a specific representation that communicated its architectural language. 
 With the evolution of virtual construction, it was already possible to visualize some solutions such as 
doors, windows, walls, and materiality. With the BIM methodology, it was possible to do that 
concurrently with the process of developing the drawings, which allowed the entire house, including the 
structural solution and materiality tests, to be completed in two days. Figure 71 shows a materiality 
comparison made to test which would be the most appropriate.    
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Figure 71: Materiality Comparison Test 
 
The materiality of the project was extensively tested, mainly because it is a stage where the visual 
approach is truly relevant for communicating with the client. The finishes of the floors, walls, furniture, 
and the upper part of the façade (using the curtain wall tool) were tested. 
The solar study was also carried out, within ArchiCAD itself, in a simplified way, to understand the path 
of the sun in relation to the building, ensuring that all areas would have natural light. For this purpose, 
the native tool of the ArchiCAD "Sun Study" was used, through which it is possible to define the day 
and time to be analysed, and the analysis interval. With this tool, it was possible to perceive the solar 
exposure of the building (Figure 72). 
 
 
Figure 72: ArchiCAD Sun Study 
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In this case, the solar study worked only as a first approximation, because the project is hypothetical and 
does not have a specific location, in which case it is not possible to determine the built environment for 
the building, which would directly impact the relationship of the solar path. 
The orthographic drawings were generated automatically according to the progress of the modelling 
process and configuration of the defined visualization. Hatch definitions and other graphic 
representations did not impact BIM modelling, unlike two-dimensional CAD drawings, where it would 
be necessary to change all material to test new styles of representation. In BIM, these tests end up being 
very fast and efficient. Some settings, such as colours and thickness, have been adjusted manually, which 
can be considered a problem, but once configured, it is possible to save the settings for future projects. 
Below, in Figures 73, 74, and 75, it is possible to see some of the two-dimensional drawings generated 
from the BIM model. It would be possible to create infinite views from the same model, according to 
the need to understand the project. 
 
 
 
Figure 73: Ephemeral House Floor Plan 
 
91                                                                  Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
 
Figure 74: Ephemeral House Section 
 
 
Figure 75: Ephemeral House Axonometric Section 
 
For the performance of the rendered images, interoperability between platforms was put into practice, 
in this case, the use of the ArchiCAD BIM model in interface with Vray was tested. Vray does not yet 
have a plugin connecting it to ArchiCAD, despite being one of the most popular renderers in the market. 
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In order to use Vray to create renders, it was necessary to export the BIM model in Sketchup format, 
using the tool only as a connection between BIM and Vray. This could be one of the points yet to be 
improved. Although the interoperability has worked very well, the model being exported without any 
loss of information, the need to leave the BIM environment for the generation of these images by Vray 
makes the process slower, if later changes would be implemented in the project its necessary to export 
again and repeat all the process. 
Despite these issues, the exported model generated images of excellent quality, as we can see in Figures 
76, 77, and 78.  
Rendering with Vray was an option of the architect, though other platforms were available, but this 
moment was seen as a chance to experience the possibility of connectivity with other software. 
 
 
 
Figure 76: External Render 
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Figure 77: Pool Render  
 
 
 
Figure 78: Interior Render 
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One of the questions addressed during the thesis, regarding physical models, was how, throughout 
history, the physical model ceased to be a tool for the creative process and became an illustration piece 
of the final proposal, especially with the Modern movement, where the models were exposed as 
authentic pieces of art just to represent the final result. 
Due to this change in the approach to the physical model as a design tool, it stopped making sense in 
the workspace, since it was only done to be presented to the client. The cost of making a physical model 
for the final presentation of the project and the time required to do it are very high; therefore, the use of 
the model is becoming increasingly limited, unless it is part of the architect's creative process using 
cheap materials and a fast experimentation approach. In some specific cases, such as significant real 
estate launches, the final presentation physical model is still used, but this was not the case of the 
ephemeral house. In the ephemeral house, realistic images were used as a more direct, faster, and 
inexpensive means of communication between the architect and the client.  
With the renders, the relationship of the physical models with the clients was further weakened, given 
the realism and higher speed of realization and the easier understanding of the project. One of the 
possibilities that rendering allows is the rendering of the project as if it were a physical model, and even 
augmented reality tools can be used for the client to see it as a physical model. In Figures 79 and 80, 
two images with this aesthetic language were rendered. 
 
 
Figure 79: Rendering using Physical Model Style 
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Figure 80: Rendering using Physical Model Style  
 
Augmented reality, through the Augin plugin, allowed experimentation with the visualization of the 
physical model in real space, as if it were a built model. Augin has a direct plugin for ArchiCAD and 
interoperability is facilitated, without an intermediary agent. The plug-in is free and must be installed 
on the computer and on the tablet or cell phone. In the case of the study, it was installed on the cell 
phone, and the model was visualized, allowing the customer's interaction. Models with real design 
materiality and the model with the appearance of wood were tested, simulating a physical model (Figures 
81 and 82). 
 
Figure 81: Augmented Reality by Augin 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 96 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
 
Figure 82: Augmented Reality Simulating a Physical Model 
 
 
If there were the necessary equipment, VR technology could be used to experience the spatiality of the 
project. 
Quantitative tables are essential elements for the dynamics of the initial phases, given the need to catalog 
items such as doors and windows. This information, even if initial, gives the client and the architect a 
first idea of the general cost of the building. 
In ArchiCAD, there is a native tool that allows the architect to create these tables automatically, with all 
the characteristics of the elements such as dimensions, quantity, materiality, price, among other 
information, despite being a basic tool. 
To make this quantity take-off, the project model already carried out at BIM was used. This table has 
the parameters we want for all selected objects. It allows us to change their representation, in addition 
to changing the scales according to the type of representation we want. 
Figure 83 is an example of a door table with parameters such as height, materiality, and a two-
dimensional representation. In this table, it was possible to select the desired settings, and their 
definitions were changed, such as line thickness, font, and the type of representation of the openings. 
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Figure 83: Door Quantity Take-off 
 
Despite the limitations of time, technology, and environment, this case served to exemplify, in practical 
terms, how the introduction of the BIM methodology in a small architectural firm can make the creative 
design more efficient. 
The BIM methodology, with the help of ArchiCAD, although its use was not the most adequate due to 
the level of maturity one since there was no collaboration with other disciplines, allowed to accelerate a 
set of decisions made by the architect and led to a more accurate final result. The case study allowed us 
to see in practice how some design decisions and options can be made faster when BIM is used since all 
the decisions made can be visualized quickly in different dimensions such as plan, sections, façades, and 
3D. Specifically in ArchiCAD, software used in this case study, it was possible to quickly view material 
tests, new façade options, different structural and formal solutions, with a friendly interface for beginner 
users. 
As demonstrated throughout the case study, the implementation of BIM in the initial phase of the 
creative process leverages architect's workflow. The possibility of experimenting with new grammar 
shapes, approaches for technical solutions, rapid material tests, analyses, and the development of two-
dimensional documentation in a precise and synchronized way with the changes in the design, makes 
the workflow very fast and solid compared to the traditional process. The advantage of having the 
modelling, the two-dimensional representation, analyses, and quantitative in a single platform gives 
consistency to the process and makes its implementation more attractive, as it is not necessary to acquire 
different licenses or train the team for different software. Compared to the traditional process, in which 
it would be necessary to exchange information with different software according to each process to be 
performed, facilitating the loss and inconsistency of information, BIM integrates all of these 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 98 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
functionalities on a single platform. As we can see in Figure 84, in comparison to BIM, the traditional 
workflow is very fragmented and needs many different software programs to develop the same product 
developed in BIM.  
 
Figure 84: Comparison Between BIM and a Hypothetical Traditional Workflow 
The case study also demonstrated how the different forms of representation, plans, sections, perspective 
sections, renders, physical model simulation, and the use of augmented reality allow a better interaction 
between the team and the client. In Figure 84, it is possible to see a comparison between BIM and the 
traditional workflow regarding this issue. 
Due to the architect's architectural language, it was not necessary to use algorithmic design tools. The 
absence of a plugin between ArchiCAD and Vray was a limiting factor but resolved quickly. 
It is important to remember that the professional's creativity and architectural language are independent 
factors in the use of BIM. In practical terms, a less creative person will not become more creative just 
because of the use of BIM, but quicker, more efficient, and accurate in their design decisions. 
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5 DISCUSSION 
Based on the result presented in the survey report and the case study developed in this thesis, the BIM 
methodology was characterized as a reliable process for the development of architectural projects from 
the initial stages of creation, assisting professionals in different ways, from aesthetic design to building 
performance analysis. 
Consequently, different approaches and possibilities were noticed, which demonstrates that each 
architecture firm needs, and has the freedom, to adapt the tool to its internal processes, especially 
concerning the creative process, which is characterized as an individual dependent characteristic of how 
the architect understands what architecture is. This possibility of adapting the BIM workflow to different 
creative approaches allows each office to continue with its formal language as an artistic expression 
while having the potential to explore new paths, being guaranteed by BIM information quickly, 
consistently, and accurately.   
The discussion begins with the results obtained by the survey, in which 36 architecture offices from 12 
countries participated. Despite the number of interviews, it was possible to extract significant 
information about the creative process and the relationship with BIM as a new technology in different 
social and economic contexts. As reported by Robbins (1997), throughout history, architecture has 
always been related and directly impacted by historical events and the different social contexts to which 
it is linked. Thus, understanding the creative process through survey results allows us to approach the 
different realities of the respondents. In general, society is increasingly connected with technology and 
with the rapid flow of information, which impacts the product of different professions, not only in the 
architectural field but in different areas of knowledge. 
As reported through the survey results detailed in the previous chapter, most respondents already use 
BIM since the early stages of creation, which demonstrates a more plural approach to the tool. In 
numbers, out of the 36 participants, more than 80% (29 offices) already adopt BIM as a support 
methodology for their creations. The result reveals how professionals are increasingly connected to the 
new possibilities and technologies of the market. As a result, we can state that BIM has directly 
influenced and impacted the creative process of contemporary architects. 
The high acceptance of BIM technology in the offices reaffirms the concept developed by Robbins 
(1997), who stated that the architects are impacted by the social and cultural context of the new 
technological dynamics of the 21st century. 
One of the critical information reported by the survey was the fact that some participants felt somehow 
limited by BIM. It was noted that 33% of the respondents commented that they felt that the tool limited 
their creative processes. Although they are not the majority, this information helps us to realize how 
necessary it still is to disseminate information about BIM. Especially regarding other tools that, 
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associated with BIM, expand, and allow greater freedom and possibilities of geometry, such as 
generative design tools. 
The fact that 66.7% of companies had their teams affected reaffirms the concept developed by Eastman 
et al. (2011) that BIM is a broad methodology, directly impacting workflows, technologies, and human 
relationships. The fact that BIM allows greater integration between professionals and disciplines means 
that there is a new reading on the relationship of professions. The methodology is also directly 
transforming the professional's knowledge profile, mainly with the resumption of more technical 
knowledge. As described by Benevolo (1991), until the Renaissance, the presence of the architect at the 
construction site was essential for the communication of design solutions for buildings. Given the 
valorization of drawing and the distancing of the architect from the construction site, as time went by, 
the professional lost his technical knowledge giving space to a fragmentation of the processes and a 
greater task division. Due to the fact that BIM acts as a virtual construction, the knowledge of 
construction techniques, in a more accurate way, became necessary again, since, for the correct 
development of BIM projects, it is required to understand how the elements are technically constructed. 
This new dynamic is making architecture professionals become closer again to construction techniques 
and other professionals related to the design and execution of a project. Therefore, the introduction of 
BIM might be facilitating the convergence of knowledge and disciplines in the AEC industry that was 
diverging since the Renaissance. 
One of the potentials recognized by the survey is the possibility of faster and more accurate 
visualizations of the project. As reported by Eastman et al. (2011), BIM has numerous advantages for 
project development, such as design modelling, representation in orthographic views, structural 
management, analysis (cost, energy), data management, and construction schedule. The initial phases 
of creation demand an essential approximation of the architectural object and its representation, thus, 
the rapid production of graphic material through BIM increasingly enhances the communication 
between the agents involved, making it more accurate. Despite recognizing the advantages reported by 
Eastman et al. (2011), most respondents still do not use BIM to a full extent, such as for performance 
and cost optimisation analysis. In the case study referred to in this thesis, on the question of possible 
analyses that can be performed with BIM, architects who use BIM for analysis during the creative phase 
were not the majority. This fact, based on the interpretation of the answers, may be associated with the 
demand for aesthetic solutions in the initial stages of the project, which end up becoming a protagonist 
in the creative process, perpetuating a traditional mentality and not using the tool to its full potential and 
purpose. 
As discussed in the third chapter, the costs of implementing the technology, mainly related to the 
acquisition of new equipment and software licenses, end up being a major issue considered by 
companies, especially small ones. Survey respondents, mostly small offices, commented that the need 
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to invest in more powerful equipment and licenses for new software makes them afraid of implementing 
BIM, not to mention the need for staff training since they are already used to other software. This type 
of behaviour is due to an incipient understanding of the long-term benefit of using the methodology. 
As reported by Zevi (1996), manual design played an important role in communicating and materializing 
the architects’ ideas during various periods in history, becoming a relevant tool for the creative process 
of designers since ancient Greece. One of the principal needs for improvement reported by the survey 
is the creation of a tool that can translate the fluidity of the freehand drawing in a more digital way. Most 
survey respondents also stated that they use freehand drawing as a tool associated with BIM to represent 
their initial concepts and ideas. 
In the case study, the author developed an architectural project for a house. In the ephemeral house, it 
was possible to experience in practice some concepts defended by theorists addressed in the thesis. As 
reported by Succar (2009), the BIM maturity level can be classified into three levels: BIM Stage 1, Stage 
2, or Stage 3. In the developed project, the maturity level used was BIM Stage 1, due to the lack of 
collaboration with other professionals and disciplines, caused by the difficulty to communicate with the 
offices during the COVID-19 pandemic. Despite the level of maturity, it was possible to understand in 
practice the potentials and some of the limitations that the project developed in BIM faces in the creative 
process.  
The house project started with quick geometry sketches to record some initial ideas, which were 
promptly digitized for BIM. As warned by Eastman et al. (2011), the automation of the workflow, the 
quick visualizations, and the effective improvement in productivity, could be noticed during the 
development of the case study. The project was developed in three days, including modelling, analysis, 
and orthographic representations. The software allowed the drawings and modelling to be carried out 
simultaneously, which represented a significant improvement in the work process. Compared to the 
traditional method, in which it was necessary to perform these tasks separately and usually using 
different software, which required more time and care with the exchange of information, especially 
when changes are needed, a significant improvement in the workflow was noted. It also warns of a 
greater constructive maturity for the designer, requiring more significant knowledge of the technical 
behaviour of the solutions that were adopted and of their feasibility. In this sense, BIM positively 
influences the way the architect deals with space, and especially with resources, whether financial or 
material. This new technical knowledge gives the professional greater maturity for discussions with 
other disciplines, such as engineering. 
As reported by Motta (2013), the main change in the transformation of thought in BIM occurs when the 
design can quickly reconcile analyses of the information necessary for its conception. This fact was 
tested with analysis carried out with native tools within the software itself, giving dynamism and 
Peicho, R. 2020. BIM for Architectural Design Exploration and Representation. 102 
Master Th. Ljubljana, UL FGG, Second cycle master study programme Building Information Modelling – BIM A+. 
 
consistency in the decisions for the ephemeral house. Based on this possibility, it also allowed shape 
and materiality solutions to be quickly tested. 
In the case study, it was noted how BIM had changed the dynamics of productivity and decisions, 
making them more precise within the creative process and transforming the workflow more efficiently. 
One of the observations to be made is about the relationship between the architect's architectural 
language as a formal identity and the solutions and advantages of BIM. BIM is directly related to 
optimizing the creative process in general, making the execution of ideas faster and more effective. The 
relationship between the creative power of the professional and the methodology are not directly linked, 
which means that an architect when using BIM does not become more creative, but has his creative 
process optimized, having a chance to try new possibilities in less time.  
It also warns of how the integration of information in BIM, associated with the possibilities of initial 
analyses, has a direct impact on cost performance. In the project developed in the case study, after some 
shape and material experiments, analyses of the impact of the sun on the building and a quick 
quantitative take-off about some of the project materials were applied. This information gives greater 
control to the later phases regarding the effectiveness of the proposal, as shown in the graph of the 
MacLeamy curve. The chart shows how the initial decisions in BIM projects have a powerful impact on 
the costs of the entire project cycle, demonstrating that the sooner BIM is applied in the design phases, 
the higher the effect on the performance of the project as a whole will be. 
One of the problems presented in the study was related to interoperability with renderers. Currently, 
BIM already has direct interoperability with some rendering software. However, they are not yet 
widespread in the market, and the knowledge of these tools by professionals is still not feasible. In this 
context, interoperability with Vray, one of the most popular renders in the architectural industry, was 
tested. The render currently represents a relevant possibility of direct communication with the client, 
since it is possible to achieve great realism in the images, making the apprehension of the project more 
readable. It was verified that the absence of a plugin that connects ArchiCAD to Vray could be 
something that slows down the process, causing the architect to export the BIM project to another 
software to be able to render with these most popular tools. Probably in a while, these tools that have a 
direct interface with BIM software will be more present in the market and more professionals will know 
how to use them, it is most likely just a matter of time until their expansion and popularization. One of 
the rendering tools that have a direct interface with BIM is Twinmotion. Recently, in 2019, the company 
ran a marketing campaign in which architects could download lifetime licenses for free, which helped 
and made some professionals interested in the software. This type of strategy is interesting to expand 
and enable the development of BIM in the market. 
Even though it is not the scope of this research, which focuses on approaching the creative process with 
BIM and the market, another field for future research and advances for the implementation of BIM 
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during the creation phases is the popularization of the methodology through the teaching of architecture 
in universities. The strategy may be one of the main ways to make the architectural market even more 
receptive to this new process, preparing future professionals for this new technological demand. 
However, this research was limited to the understanding of the interfaces between creative processes in 
architecture and new technological approaches, especially BIM. 
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6 CONCLUSION 
From the material produced throughout the thesis, it is possible to state that the BIM methodology 
represents a new approach to the creative process for the company that implements it, bringing 
interesting results, in addition to its other applications. 
As it was presented in the beginning of this thesis, it is essential to reaffirm that the hypothesis of this 
work is to understand how BIM can influence, impact and assist new dynamics for the architect's 
creative process as a tool for project design and representation. 
Considering the results obtained, at the end of the analysis of the case study and of the developed survey, 
it is possible to support that BIM contributes to relevant changes in the architecture design workflow, 
making it more efficient, while also allowing changes to happen in the scope of technology, human 
relations, and workflows. 
From the review of traditional design methodologies and the way of representing architecture with BIM, 
it was possible to understand the differences between this process and BIM as a new concept for the 
market. In this comparison, it was noticeable that the BIM concept differs from the traditional process, 
mainly due to its intention to reproduce a virtual construction model, associating geometry and metadata. 
This process allows us to generate all the necessary information for the development of the architectural 
object associated with the initial phases, from various types of representation and analysis to the 
planning of the construction, making the creation process more efficient and complete. It was also 
understood how BIM has made the profile of the architectural professional more complete, bringing the 
architect closer to construction techniques once again, something that was vital for the profession until 
the onset of the Renaissance. 
This new profile, associating the contemporary technological era inherent to the development of society 
and new information flows, resumes the architect to a decision position in the project. In this sense, BIM 
creates mechanisms of interaction and interoperability between disciplines, making the definitions of 
architecture and engineering again more fluid and interconnected. 
Through the compilation and analysis of the data obtained with the survey carried out with the 
architecture firms, it was possible to observe that the implementation of BIM from the initial phases of 
design has been well accepted in the architectural market. Nevertheless, there is still a need for greater 
awareness about the potentials of the tool among users, especially concerning design algorithms to 
support greater formal freedom and to carry out analyses as design performance tools. 
In the conceptual phase, it is possible to understand that the BIM models brought an enormous advantage 
to determine the accuracy of building design, as proved by the responses received through the 
questionnaires and with the development of the ephemeral house project. By modelling all the elements 
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of a project in a single file, it is possible to manage and export all its information and thus generate all 
the items of representation that we want. It was noticed how this feature makes the process faster, more 
efficient, and with little loss of information, which is common in traditional techniques when changing 
software. 
In the case study of the ephemeral house, it was noted that BIM allows new paradigms of representation 
to begin to be explored, mainly regarding technological support. In addition to accurate drawings, 
technical information, good quality, and possibilities for experimentation, technology has allowed us to 
explore new fields, such as the augmented reality that creates a new dimension between space and the 
user. 
During the design of the project, the BIM model allowed greater interoperability between the various 
formal possibilities, with tests and analyses as support for decisions, much faster than in the conventional 
way, and with a more concise workflow. 
In the analysis phase, the BIM model allowed great possibilities for the architect to considerably master 
his choices. Through the survey, it was noted that the potential of the tool is still underestimated by 
professionals due to a lack of knowledge or even an inadequate awareness of the relationship to formal 
performance from the analyses as justifications. In the ephemeral house, this type of approach was tried 
to explore the shapes, façade design, and energy analysis of the building, concluding that this type of 
process contributes a lot to make BIM even more efficient in the creative process of the architect. 
Reviewing all the information cited, it is possible to conclude that the use of the BIM methodology in 
the development of an architectural project in the initial creative phases positively influences their 
development and does not compromise the creativity of the architects. Depending on the knowledge of 
those who use them and the way they are used. BIM proved to be a potential tool to leverage and make 
the creative routine even more efficient. In turn, the interoperability of the BIM models allows for better 
collaboration among different professionals, resulting in a positive feeling of team integration, greater 
control over information, time and costs, and more technically trained professionals. 
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8 ANNEXES 
Annex A:  In this annex, the survey from google form is shown. As it was previously explained in the 
thesis, the survey was realized in a virtual format using the google platform.  
Annex B: In this annex, all the open answers from the survey about improvement for BIM are shown. 
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8.1 ANNEX A 
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8.2 ANNEX B 
 
'' As the owners of the studio use hand drawings and physical models, it would be very useful to 
have a tool for recognition of 3d shape of the models, like a laser-scanner for the models, which 
then it can be transported to the bim software to start since very early stages to work on a 3D 
modification to the idea while the project is being morphology and functionally developed. Because 
the main problem in the studio was in this early stage: the oldest people who develop the first ideas 
and shapes for the building they make "sculptures" (basic idea of the arch. studio) and then the 
young people who use bim authority tools when "translating" these shapes into real-virtual 
buildings wasted a lot of time trying to understand each other (idea vs. constructability). So, if the 
owners could scan their ideas and keep on shape them into 3d software, the workflow would be 
much more accurate and fluent between the design and technical department.''  
(Architecture office from Argentina) 
 
'' Competitors need to have the ease of use of ArchiCAD for wider industry adoption. '' 
(Architecture office from the United States of America) 
 
'' The possibility to create more free form. '' (Architecture office from Italy) 
 
''Now we are struggling from too large models. It's hard to work with them. It is hard to transmit 
them or to use them in other ways. When you divide models into smaller parts, it is not as helpful 
as it seems to be.'' (Architecture office from Russia) 
 
''The cost is the biggest issue'' (Architecture office from Brazil) 
 
''Visualization in real-time rendering, interoperability between multiple software and better way to 
manage multiple studies.'' (Architecture office from Brazil) 
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''User interface, speed. '' (Architecture office from Australia) 
 
''An Area calculation tool and free to use spreadsheets, Better layout revision methods.'' 
(Architecture office from Brazil) 
 
''Library, free-shape tools.'' (Architecture office from Brazil) 
 
''To model a more organic shape is still very limited.'' (Architecture office from Brazil)  
 
''Interoperability'' (Architecture office from Portugal) 
 
''Interoperability between BIM software (better IFC); more offer in terms of software; user-
friendliness.'' (Architecture office from Portugal) 
 
''Understanding the relationship between design exploration, flexibility, and constructability 
aspects in the software.'' (Architecture office from Mexico) 
 
''An improvement at the 3D rendering tools would be welcome. The pen set styles on the 
ARCHICAD. Improvement of doors and windows, and 2D documentation.'' (Architecture office 
from Brazil) 
 
''Interoperabilidade entre software BIM, trocas de IFC.'' (Architecture office from Brazil) 
 
''I miss being able to model more complex connection elements on columns and beams. ArchiCAD 
23 managed to improve these elements a lot with the possibility of adding segments, but I still miss 
being able to model more complex elements in these situations.'' (Architecture office from Brazil)  
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''Simplify communications between platforms'' (Architecture office from Brazil) 
 
''The freedom when modelling in early stages.'' (Architecture office from Portugal) 
 
''Shape flexibility'' (Architecture office from France) 
 
''Ease in developing shapes, less complexity in creating the elements and better compatibility 
between software'' (Architecture office from Brazil) 
 
''Lower acquisition cost. better handling.'' (Architecture office from Portugal) 
 
''Talking about Revit, a hands-free tool looking like Sketchup would facilitate the design process. 
That is one of the main problems with the early stages in the design approach phase. Those would 
be very useful in the design process stage.'' (Architecture office from Brazil)  
 
''The fair difficulty of customizing and creating families is a limitation in the design process as 
some choices and the workflow are constrained by the timeframe and library at disposal. Unless 
the practice has dedicated resources to simultaneously respond to this demand.'' (Architecture 
office from England) 
 
 
 
 
 
 
 
